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PREFACE 


ditions, are studied. Ileactors and immfmmMm arc? rciri- 
sidered briefly. Numerous illustratioiiB, Hliciwirig rijciiiprri 
central-station practice, are given in a miniber of liic* clmpUm 
of the book in connection with the text. 

Although the proofs have been read and clierlcefl mry care- 
fully by a number of persons, it is possible flint iliere reitiiiiri 
some undiscovered errors. Readers will confer ii great, favor 
by advising the author of any such which iniiy Im? rin’riiltii 
Suggestions for the enlargement or irnproveinent of fiiliirif 
editions of the book will be greatly appreciiitefL 

Teiiiklo Vtmrr . 

33 Amhsbst Avbnue, Uhivbesity City, 

Saint Louis, Missouei, 

October, 1917 . 
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CENTRAL STATIONS 

SECTION 1 


DISTRIBUTION-SYSTEM NOMENCLATURE 

1. Considerable Confusion Exists as to the precise meanings 
of the terms which are used to designate the different compo- 
nents (Fig. 1) of an electrical-energy-distribution system. 
In the following paragraphs definitions are given for some of 
the terms most commonly used. These definitions are, it is 
believed, in line with the generally accepted meanings of the 
words involved. Fig* 2 shows diagrammatically the impor- 
tant elements of a distribution system. 



Fia. 1. — Transmission line and distributing system. 


2. A Transmission Line comprises the arrangement of aerial 
conductors which electrical energy is transmitted from 
a generating station to a sub-station. In general, the distin- 
guishing characteristics of transmission Unes are that they 
operate at relatively high voltages and extend for long dis- 
tances. At B in Fig. 3 is shown the transmisBion line. 

ExamkiB.— A pole line between a city, industrial plant or building, 
and a distcmt generating station is a transmisrion Une. 

3. A Tie Line is a set of aerial conductors used to intercon- 
nect two sub-etations, transmission Unes or any other Unes. 

t 
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A tie line may also operate at a high voltage and extend for a 
long distance but is distinguished from a transmission line in 
that neither of the ends of a tie line ordinarily originates in a 
generating station. 

Example. — A line oonnveying energy from, one town to another in 
neither of which there is a generating station but hoth of which are 
supplied by some circuit other than the connecting line, is a tie line. 


4. A Transmission System 


.:-"-\rLoads 


Primary Mcrins-^ 


'Meters 


^Seconc/ary 



xS(/d station 


is one over which electrical 
energy is transmitted for a 
considerable distance from a 
generating station, at rela- 
tively high voltage, to a dis- 
tributing system or to dis- 
tributing systems. A trans- 
mission system comprises the 
conductors and the structures 
which support them. 

6. A Distributing System is 
one from whieh electrical en- 
ergy is distributed to con- 
sumers or to receiving appa- 
ratus. A distributing system 
consists of f eederSj mains, ser- 
vices, etc., as shown in the 
illustrations. All of the 
wiring in a town, industrial 
plant or comnaunity between 
the sub-station (or the gener- 
ating station if the energy is 
Sion and distribntioa system. generated locally} and the 

• service switches for buildings 
or consumers constitutes a distributing system. As a rule a 
distributing system operates at a lower voltage than does a 
transmission system. 

KonQ. — It is very difficult to distinguish between a transmission and a 
distributing systm, because:* *'In any large system the functions of 
transmi&^ion and distribution merge into one another because the prin- 

* P. H. Thoxtuu. 


Transmission 
Line — 


\j(^an erafIn(fStafIon 
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cipal consumers will ordinarily be many miles apart. Furthermore, 
there usually are several sources of energy feeding into the system at 
different locations. The transmission and distribution systems then 
resolve themselves into a network of high-tension lines to which are 
connected consumers and generators at certain locations. 

6. A Feeder or Feeder Circuit (Fig. 3) is the set of con- 
ductors in a distributing system extending from the ori- 
ginal source of energy in the installation to a distributing center 
and having no other circuits connected to it between the 
source and the center. The source may be a generating or 
substation or a service. Feeders are. indicated by the letter 
D in Fig. 3. 

7. A Sub-feeder is an extension of a feeder from one distri- 
bution center to another and having no other circuit connected 
to it between the two distribution centers. A sub-feeder is a 
sort of a tie line. 

8. A Main {E and <?, Fig. 3) is any supply circuit to which 
other consuming circuits^ — sub-mains, branches or services — 
are connected through automatic cut-outs — ^fuses or circuit- 
breakers — at different points along its length. Where a main 
is supplied by a feeder the main is frequently of smaller wire 
than the feeder which serves it. An energy utilizing device 
is never connected directly to a main, a cut-out always being 
interposed between the device and the main, 

9. A Sub-main Fig. 3) is a subsidiary main fed, through 
a cut-out, from a main or another sub-main and to which 
branch circuits or services are connected through cut-outs. 

10. A Service (or a service connection, J?, Fig. 3) is the sat 
of conductors constituting an underground or overhead con- 
nection between conductors (usually belonging to a public 
service corporation) in a thoroughfare-street — ^and the con- 
ductors of an interior or isolated wiring system. A '^ervice'^ 
provides a path over which electrical energy is delivered to the 
consumers. ^ 

11. A Brandi or Branch Circuit is the set of conductors, 
feeding through an automatic cut-out (from a distribution 
center, main or sub-main) to which one or more energy utilising 
devices are connected directly, that to, vdthout the iaterpim- 
tion of additional cut-oute. The only cutneut aaiociated with 


4 


CENTRAL STATIONS 











Sec. 1] DISTRIBUTION-SYSTEM NOMENCLATURE 


5 



of an dectTioal-energy distribution system. 
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a branch is the one ihrongh which flat hnuirli is fr-4 :ii f !i«* 
sub-main or distributiori (^(jnicr. 

12. A Tap or Tap Circuit (Fig. 3j in a i’irctiii, a siiiMh* 

energy-utilizing device, connecti^d direclly !o a la'nfirli with*.}! it 
the interposition of a cut-out. 

13. A Distributing or Distribution Center flag. in an 

electrical energy distribution system is the lociilicm at w hirh a 
feeder or sub-feeder coniiectH to iiie suliorilimite rimiii s wliiidi 
it serves. The switches and automatic cut-^nits fnr ihr* riJii-* 
trol and protection of the Hub-dreuitH are iisimlly grfiii|«’#i at 
the distribution center. In interior-wiring |iii.rlai4ri% n diH-' 
tribution center is an arrangemofii or group n! irlirreiiy 

two or more minor circuits are connecteii iii a roiniiioii jioinl f«i 
another, larger circuit, A panel liox is one form of n rilrie- 
tion center. 

14. The Nomenclature of Interior-wirki-sysleai Circuit 
Elements is similar to that for an ouisitle ciislriluititiri 

The terms feeder, sub-feetler, main, mih-nmin, hriiiirfi, tup and 
distribution center are defincHl <IiagriiiiiiiiaiirnJiy in llie wiring 
layout shown in the lower part of tfie eenii^r of Fig. Ik Frrjiii 
inspection it is evident that tliese fimiffr-systeiti elerfinrila riiii 
also be defined in ©Rrontially tlie name wordi m recitifil for flu* 
outside distribution-system olemeriti recikid iiImivo. 

• Swi tb® author's Ammic*a?i p. I Hi. f»# *|«|ii4l, 
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DISTRIBUTION LOSS AND DISTRIBUTION- 
LOSS FACTORS 

15. Distributioa Losses are those losses of electrical energy 
which occur in a central-station system between the station 
feeding the community and the receiving devices on the cus- 
tomers’ premises. These same energy losses are sometimes 
referred to as energy lost or unaccounted for” or kilowatt^ 
hours lost or unaccounted for,” In every electrical-energy-dis- 
tribution plant, the total kilowatt-hours delivered to the dis- 
tribution-system lines, as recorded by the station totali25ing 
watt-hour meter, during a given interval of time will always 
be greater than the sum of the kilowatt-hours registered on all 
of the consumers’ meters or similarly accounted for during 
the same interval of time. The difference between the energy 
thus delivered to the distributing system and that accounted 
for, represents energy-distribution losses or '^energy unac- 
counted for.” 

Example. — ^In a certain Middle-Western town of 6,000 people the 
central station operates a 2,200-volt-primary, 110-220-volt, throe-wire- 
secondary system. There are a large number of small transformers and 
there is considerable leakage where the primary-line wires come into 
contact with the limbs of trees. During the year of 1914 the plant 
generated and delivered to the lines 348,000 kw-hr. of energy. During 
the same year the energy recorded on all of the customers' watt-hour 
meters and otherwise accounted for was only 251,000 kw.-hr. Hence, 
in this instance the energy distribution loss was: 348,000 — 251,000 » 
97,000 kw.-hr. 

Example. — In a town of less than 1,000 inhabitants in Iowa where a 
110-220-volt alternating-current, three-wire system (without trant- 
formers) is used for distribution, the central station delivered in 1913 to 
the lines 25,000 kw.-Hr. The customers' meters, for the same interval, 
recorded 23,000 kw.-hr. Hence, for this plant and this year, the dis* 
tribution loss was: 25,000 - 23,000 » 2,000 kw.-kr. 
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Example. — For the year endiiiK .luiii* .'iO, 191."* Thi' [’;«■ iff 
and Light Company, which opcrafiw in tlic Sdile.Hnf ' h<r."n t’"! ; ' Jn 

Washington, generated or hemght kw.-hr. «i <n. i,’; l -.i 

the same period, the energy dclivercil to i'HhIihikts or o*l,. n. i - h - 
counted for was only 37,746,854 kw.-hr. lienee, fin' 1> o, 

for that year was 7,727,069 kw.-hr. 

16. Distribution Loss Includes all of iltofticrgy whit h ji«.t 
delivered to customers or otherwise accouideil fur ntid is 

up of, or comprises, a number of sceoudary lo.s.».f.s wiiii'li t.o 
enumerated thus; 

(o) Idne loss (I® X It losses) in the Uite amdurturs, Jt-t-dt r.:, 
mains and services. 

(6) Leakage loss {due to insujfirirnt. insuhltMi, iirtmuiL. 
against trees and the like). 

(c) Transformer loss {dm to the iron nwl rtijipn- l« .< ■ 
in the transformers. Time occur only in ult>rnit!iii<j.<riim)':t 
plants). 

{d) Meier loss {due to slow vwlrrs and to the ihtULo.l hr-.c, 
within the meters). 

{e) Sloleru-energy loss {occasioned by "theft of ri/rrud'’:. 

17. The Line I^ss — that is the kilowait-hcnirs cm rKy !ii>t 
in the line conductors — can bo readily coinptitttd if t!i»* nvi d. 
ance of the line and the current in it is known, heomiw?: II >nti 
line loss <= {line current in amp.)^ X {rcsislatm: of line in ohtM K 
Then, if the watts power lotss thus obtaijind bo mfiltiphial by 
the number of hours during which the current flow**, iIih lain- 
watt-hour energy line Ic^s ’t^l be the rwiuJt Sinew the ini r» rni 
ina distribution line is seldom constant, it is necessary to remg. 
nize this condition in computing energy line Icjw*, The lino 
current will vary from hour to hour ami nionfh to mi>n!h. 
However, the approximate l(ws can bo readily caliaihttcd if 2 !- 
hr. load curves for four typical months of the year w»y 
March, June, September and December — are avaihibh'. 'I ho 
load factor of the plant has, obviously, a bearing m its 
loss. The process is a trifle tedious and a detailed il*M;riptio« 
of it would be out of place here.f 

• Blictrieal Rmim. Nov. 13, 19lSi p. Ml. 

t For a oomidete dbouHioa tbs msttiod mm Oma swi Wttiisiw. Ki wtsp ♦ 

Bf ATmn Dmmmmm p. tTi, 
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Note. — The line loss may be either a large or a small proportion of the 
listribution loss, depending on whether large or the smallest feasible 
conductors are used for the distribution lines. If the designer provides 
excessively large conductors, the line loss will then be very small. 
Bowever, as plants are usually designed, the line loss is relatively small. 
The matter of the economic conductor design is treated in detail in various 
standard works. 

18. The Leakage Loss will be determined wholly by the 
thoroughness with which the line was originally constructed 
and by the effectiveness of its maintenance. If the conductors 
are supported on insulators of proper design and material, if 
the conductors are held away from tree branches on insulators 
and if the trees through which the line passes are well trimmed, 
the leakage loss will be very small. There is no practicable 
method of computing the leakage losses. They can be deter- 
mined by test, but this is usually impracticable, because it in- 
volves the simultaneous opening of every consumers^ service 
switch. 

19. Transformer Losses are subdivided into copper losses 
and core losses. The copper loss of each transformer varies 
with its load and with no load on a transformer its copper loss 
is very small. The iron loss is practically constant so long as 
normal line voltage is impressed across the primary terminals 
of the transformer — whether the secondary is loaded or not. 
The transformer loss is likely to be a large proportion of the 
total distribution loss, particularly where the load is almost 
wholly lighting and the plant operates 24 hr. a day — because 
the core loss is “building up'^ every hour that the transformer 
is connected to the line. Small underloaded transformers are 
a source of excessive loss. Hence, the capacities of trans- 
formers should be carefully determined so that, in general, a 
few large fully-loaded transformers will be used rather than 
many small underloaded ones. 

Note.— T he transformer loss of a system may be computed approxi- 
mately, if the ratings of the different transformers, theii efficiencies and 
the loads and duration thereof which are imposed on them are known. 
The process is tedious but feasible. 

19a. Meter Losses are relatively small although they may 
in the aggregate be, contrary to the generally accepted opin- 
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ion, greater than tiie line losses. The power loss in the shunt 

or voltage coiIb f>f waii*liotir 

I will, probably, range het wri'u 1 

\t - and 4 watts. Meters of Ibeolder 

desigius appear to har'e the grfaf«*r 
I The power loan in the v«iit- 

Ho ^ ^ ^ f ^ ino'lerii meter 

II I I § is, likely, in the neighborhood of 2. 1 

I watts. 

i r .te g rent coil is very Kini 

i I I t|| g lifi:il>l<S ‘*von wlien i 

i 1 1 I’fl ^ and it oc 

i § serve a lo 

I fcl,| I '«etcr. ■ 

I I coiloecui 

I i p ° a voltage if 

? I The total 

\ involved 

\ I I able as i 

S 0 * oxamido. 

|| ^ J IkAMrLK.— “II Ihi powm ift llift 

p ^ g I voltega cml qI m wati*ticiiir itittur m IJ 

' / J watts and tltci mtler k e'Onatclieil In llie 

1/ I Im^iofap 

will be the etiergy Ir^ In lliii eiill In b 
^ (: J year? Sc 

I I .1 ^ 

p I ^ 

I S 13,140 «« 

\m I .| 20 . St 

lit I PI <• 

fell)' I I Whether 

|#========| f values d« 

if \ ^ I 

R \ I . P Iwgiving 

, „‘ - ^ case, it i 

* mc«t pe( 


i^is I'ia iJ *ss i i 


21. A Specific Niimcrka! Illustratkniaf l>iHtriliiitk«i Lfiiisiiiifl 
tiie Segregtilciii Thereof iihvn ^rnpiiirally in I'm. 'I. Tlti- 
valiitta tlieri* niunvii, Hii?l nlnfi rwitvd in 'i'lihh* 22. wrri' 
frijifi iifiiiMl f>| N'ratiiit?: data, fur yoar PJIM, uf n I'l-ntiii! 
Htiiliiiii jiL'iiit in II i'ify *♦! in n 

Till? iM)-ryi'!i% t tiinf rihnfjMii yv?d*in tUidrr rMirndmi 

tidfi vtiltH itriiiiHr^’' iiod ii 22n-v*i!f'% 

win* W'hilr ilif di^trihui jijfi hrm in h'lp:. 

4 in thiifi it wuulii hi* in u mi‘il-d«"'ngn<'*! <ii*4 ribnt mii 

|ilnii!, nrr% iwibnldv, tnmiy Bfitnll rriiirnl-Htiilifiii 

l♦|M»rllti|■ig ill tiir* riiitrni Slaioii wliirli I’uiild ii*4 idinw u itnit’li 
iM’tler |irrffiriiiiiiirr. 

•■■ ■rtiirinil tli*^ kw.4*r, nf r4*^-ri rlrtil 

wptr *4 iliiii ri'ifiiriil 1^1 ring 

iliw intervali :!^npplp'4 Ui %}m 4mlfihnii*m 

IWJM0 kn\*kf , ihm yr«r* It *ai thm »tf 

I iirpfiil < ticiiifiiir»f^fi, tlifit tip* .iiiiii»4#il I runoff iiipI hmm-M 

wrr« m iiiciwn in 1414** T2. Kp putiinnir^ #4 lr‘f|l*fig« !*»•« 

m wpfm tfifp|<% ii \muu, pr<4iiil4y, tliiil tliw? 

tiicliiiifpl ill iJp'' llifpw l«ptJi iltpi'ii wliirfi r^iiiisulrtl. 

Tli« |iliiiil inKltiilwl fA itnmimmpm In rup^kriiy 

froftt 2 kvft, tm 4tl k'vn. ill hui kmt ninlrr 3I kvi. in r»|«iritr. 


imrii mm wnp. m iipp,.; mi nm ii mt »iii|i. m i«« ra|«riiy 

wpw ?*ll fpAifi|i. wiii-liKPir nipipw. 

A mmmhmlmn nf tln^ 4it# fFIg 4 TaIiIp 22| ^'ill ntifilifipri##? Ilin 
IffifMirtaitm i#f tmmu only irmiwlwtinift#* If lit#? *liJiitil4itlrtfi 

iii*« i» i«i Im tii»4tii»iii*'4 ftl m in tliin ili» 
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22. Example of Losses in the Distribution of Electrical Energy 


Item 

Annual 

kilowatt-hours 

In per cent, 
of energy gen. 

In per cent, 
of energy deliv. 

Line loss 

10,000 

2.9 

4.0 

Transformer loss 

75,000 

21.3 

30.0 

Meter loss 

15,000 

4.3 

6.0 

Total distribution loss 

100,000 

28.5 

40.0 

Supplied to system 

350,000 

100.0 

140.0 

Delivered to consumers and ac- 
counted for 

250,000 

! 

71.5 

100.0 


23. A Distribution-loss Factor is that value, relating to some 
particular system, expressed as a percentage, which, if the 
energy delivered and accounted for be multiplied by it, will give 
the energy lost in distribution. It is the per cent, of energy 
^^sold^^ which is lost and unaccounted for in distribution. 
Therefore: 


/i\ 7 ^*^ 7 7 * . hw. -hr. distribution loss 

(Ij Distribution-loss factor = ^ — r-r; — — ^ — 

kw.-hr. delivered and accounted for 

(2) Hence, kw.-hr. dist. loss = {dist.doss factor) X Qcw.-hr. del. 

and acc. for). 

and 


(3) 


kw.-hr. del. and acc. for = 


kw.-hr. dist. loss 
dist-ldss factor 


Note that the kilowatt-hours delivered and the kilowatt-hours lost 
must both be measured over the same interval of time— preferably over 
an extended interval such as 6 months or a year. 

Example. — In the case of the Missouri smaU-city system (Art. 21) 
the energy supplied to the system in the year of 1913 was 350,000 kw.-hr. 
During the same year, the energy delivered to consumers was 250,000 
kw.-hr. What was the distribution-loss factor for this plant for the 
year 1913? Solution. — The distribution loss was: 350,000 — 250,000 
= 100,000 kw.-hr. Now substitute in equation (1) : DisL4om factor » 
(kw.-hr. dist. loss) (kw.-hr. del. and acc. for) = 100,000 250,000 

= 0.40 = 40 per cent. Hence, the distribution-loss factor for this 
plant for this year was 40 per cent. 

Example. — ^I n a certain small town of 500 inhabitants it was estimated 
that the total energy sold would be 16,370 kw.-hr. annually. If it be 



Ski*. 2 ; 


itis ?7^//.r i ' tss FAr n iliS 


in 


th:0 fli4‘ tu'.vii 'Will lf«‘ M*‘rv»-4 \*y ,'iti 

r«2? -s’-i ii'i-ii.u ‘s 1 1 M- «h. iiiiinry usvl n l*^-'** *>! 2ii 

|ft'r I'f' :c"tn ?!.*'• 1, !u:^uy !•«' •! 

niv? {|ms. I'-’rutn 4‘»|5j3?|4iti Ui'-: ln\-hr. «li-f ?*<•'■' - .f 

-hr, *kl, Hn4 •- ti ^ -• 

!:*■ .n.r. II. ■■?.^ ii, »lr';U4 *5iUMSi 1**^ .'i*?'/ 1 \>'^ l.r 

'Th^'tu nj*'?*' ».v#* "-■- I 7 v.- i,r . 

Ilf, % n.'*ir 4iu^i'f i>>dHU<tn I**,:'*?** 1 .2^t -- l**,»*1l 1:^- 

|'I\ Ill n rr’i-t ^»4|| |i|'rt!jf- fh*'!'#' Ilf** |*ii }a 

^iip|il5»-<l !»i jn If tl?*’ 

I'lt’fjjf fnr i''i ivv*un.r4 !.♦ !»»■' 'J4 |.M-r rmt , mn^ti *‘U* tn 

«i*4iv**?r"4 -fr* I'j** f?ir i fn*-* 

ih*' |*rr*^»'-h54^ ihrit, f:i y 

fh't, *lri'>'f ip'r, Ftf '•■• ■■■'.i.piihr 4 4i’it , ^^y[‘ilrfn<> ■ 7^^! ? 7i«l 

|r,« > I 24 ■■■ h^r.^hr, mtJWi V 

Ijf, fif i<;’ii*7.r|i y I*-/' 4^4?v*'r*-4 in ilir^ rsj?ifniiirr*i *4 llm 

HV H I frit I . 

24. Priitialilt Dblfilnilitiii-iciiii Fiicl«rs, tin^t inrAntn tinit 
%%'’ili^ |iriiii:ni4>% ii|44y in>r I'f'-rt’iiri v'lr*^' 

iiii? givi*fi ill mil 4^* 2 * 1 . 'Vh*mi iir*» fm 4iit.ii fr*<iri n iwiii” 

Ikt rif r’ii.H«‘.'i f^iiriiiiiitrp-'*! si^ iif’liin! |$r?i*’f,irt^ tm4 lift’ Iii4i«n"rii In 

iiiJiY tii? irH«*4 ill fliiilai'Jic |i 4ifiiil4 h** iiii4i^f»4,ii«i4| 

m tir?rr4li}»t4*'irr tliiit l}it^ fii/H|.ril#ilfjfift-ln:*i?-4 fiirltir fr:#r 

liny r**rf:iiii irnftiill;iii«iti ivill iii^ «lrlrrfiiiii«*i| wtinity l#y tlit^ rtiiir* 
artrfri^lir?i i#f tliii! .f4y>»t«4li. 

'inTr m rin'iir;sl n 

iiii4 f.lwr**'- in. Iitil** h-ml^ ili#^ fftrinf 

will li-i* nmrk ink'll# %n«r«? lim fmmpt I*f?i4 m lli« 

f*# ihm 1 % %h%l »«lii llm fr>^i4«^l»rr.4ignii|iil l»«i«|* Ifftli^lnlir^r t 
hmM m’lll h* ll k lr*it^ thni 4f.‘^itit*siii#4i 

Will nmnlly f»'l;itirrl>% f«r m ili^lrirt llir fu4i 

mimrtn mph'h’ llf?i#i f«r n «li.«tfir.t w-lir^ri' flits i« 

|##f ill#* lL;il fi w'?»||4riip|<*4 rffirirtit tf»ft«|nfip*'f» 

Tiifi liii I|«*4 fnf l|ii| l««t| wlillil Iir»t|#sfr4 

linilivilily^ nf nm$%f mttAl\ tiri4*^rlti«4t^fl l#i*4%-ii«ffir,|t»*iii 

2B. L}««*Ii» 8S Pastor. ' A litwfliwi factor ia « valws rcj»ritw?iit.. 
i«R itm ra!i« i»f thi; actual /* K H **ntfrgy Itwu in a fw.f»jcr «r 
of4»«r line circuit rKjmfwwciit tltiririK a year t« tH« f’^ '/ H 
Mii'rgy Um that wwihl havo o«cur«sfl in tlial fcwlnr *»r nlhcr 
rircuit cunifmiinitt* if it li«*! carrital conltmioualy the 
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mum load ever imposed on it during the I'litir** jcfir. ! hii 
factor is somotimes indefinitely referred to an merely 
factor.” It is somewhat similar in derivation to heel f;n (o!, 
which is the ratio of tho average load imposed on a station or 
system to tho maximum load iinpfiSCf! on it. Ordinal ily, it i/« 
impossible to obtain tho "actual” /* X H cntTRy lost in a 
circuit, hence in computing line-hws factor in pmoiee, nn 
estimated approximate value is riot enninerl in areonJiini e witli 
the proc^ referred to in a preceding |inragmph. 

26. Approximate Distribution -loss Factors.- bawd 

on data from actual practice. Those values eoiiteinjibile all 
of the losses tabulated in Art. 10. 










SECTION 3 


MAXIMUM DEMAND AND DEMAJSTJD FACTOE8 

27. The Demand of an Installation or System* ih " f In* !njni 
which is drawn from the source of supply ah 

terminals averaged over a suitable and spocified jrif«'rvrt! *4 
time. Demand is expressed in kilowatts, kilovolt-antl****^*** 
amperes or other suitable units.” It should l>o not«*»l Uuif. 
“the load is averaged over an interval of tirno.” iinnm, it 
follows from this definition that there is no svich tlii ng m nti 
“instantaneous demand.” In other words, tho dcitinftd *4 
an installation is the requirement — ^usually powur mjiiirit* 
ment — of that installation averaged over a time 

28. The Average Demand of an installation is ilift 
requirement — ^usually power requirement — of fcho 

tion during some specified interval of time of cfonsidumlih’ 
duration such as a day, month or year. Hencsf!, the nvitrag** 
power demand of an installation in kilowatts h>r a sfierifiwl 
interval may be obtained by dividing the kilowatt-hour 
energy consumed by the installation during that interval hy 
the number of hours in the interval. This method givm an 
arithmetical average. That is: 


(4) kw. average demand = 


kw.-hr. durin g interval 
hours in interval 


(kihiwalliil 


( 5 ) 


Hours in interval = 


kw-hr. consum ed during intrrmtl 
kw. average demand 


(houoo 


(6) Kw.-hr. consumed during interval {kw.-hr, nmm0 
demand) X {hr. in interval:). (kilowattiil 


tEa totalkiag watthaur meter of m 
Ittdieales tliat the mippHed by the etatioi^ to %hm rnfwmm i# M fM 

dunog a 'Cerlaia 24-hr. day what wm th# 
m kiObwatt for that day? Soxitmoir. — ^From (4)': km^ 

■ A, I, IL Mmm, Ju»® 28, 191^ Bm* 

15 
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= {kw.-hr. consumed during inlmxtlj {hours in intfrmd) - M,7Zi 
-r 24 >= 2,690 kv). 

29. The Maximum Demand of an Installation or System 
is* “the greatest of all the demands wliifh have rwmrrwl 
during a given period. It is determined by rni-ftsuri'iin'rit 
according to specifications over a prcserihe*! time interv.-il." 
By combining the definitions of ‘‘ckmand” and “wirtximwM 
demand” above given, it is evident that the maximnin demarn! 
of an installation is the greatest pow(‘r load rn'enrring dnritiK 
a certain relatively long ptiriwl -aueh as a »liiy, month nr 
year. However, it is not the greatest iriM(iintatimm load 








‘nhiiimtliig one nitiiloKi of oblaitiifii mi -nf 

niEximiim dtimitrKi ov#r a tUhmkmiM- loterviilt 


during that period but it is the greatest average power load 
occurring during any of the relatively short intervals trf the 


than the arithmetical are being us^i 


If'—' 
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P.M. than it is during any other 30~min. interval in the 5-hr. period. 
Then this interval, AB, is the one over which the demand must be 
averaged to ascertain the 30-min. maximum demand for the load 
suggested. 

By scaling the kilowatt ^'instantaneous^' demand at ten equidistant 
points between the 8:30 p.m. ordinate, AC, and the 9:00 p.m. ordinate 
BD, ten values of the kilowatt demands at these instants are obtained- 
The arithmetical average of these ten values is, as shown, 277.5 kw. 
Hence the 30-min. maximum, demand (averaged arihtmetically) of the 
load graphed in Pig. 5, is 277.5 kw. 

It should be understood that the method of the above example of 
determining the arithmetical average is not absolutely accurate — ^but 
it is sufficiently so for practical purposes. The accuracy of the method 
depends on the number of ordinates which are averaged and on the pre- 
cision with which the ordinates are scaled. In general, the greater the 
number of ordinates taken, the more exact will be the method. Maxi- 
mum demand may also he determined from a graph by using a plani- 
meter in much the same way that mean effective pressure of a steam- 
engine cylinder may be ascertained from an indicator diagram. 

30. The Unqualified Term ^‘Maximum Demand” is In- 
definite; that is, a statement such as “the maximum demand 
was 125 kw.” does not have a specific meaning. To render 
the statement of a maximum-demand value specific, it is 
necessary that there be stated: (1) The duration of the period 
under consideration; (2) the length of the time interval over 
which the maximum demand was averaged; (3) the method 
used in measuring or averaging the demand. 

31. The Unit in Which Maximum Demand Should be Ex- 
pressed will differ with the problem under consideration. 
Since, as above suggested, demand may be expressed in 
“kilowatts, kOo volt-amperes, amperes or other suitable units” 
it follows that maximum demand may also be expressed in 
such units. What unit is used in any instance should be de- 
termine by the purpose for which the maximum demand 
observation was made and by how it was made. Maximum- 
demand values are now, probably, most frequently expressed 
in kilowatts. 

32. Demand Meters (see following iUustrations) are instru- 
ments which record or indicate the maximum imposed by the 
cireuit in wMch they are connected. They are arranged to 
autonatically average (though the average is not necessarily 
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an arithmetical average) the power deinanri over th** m I. . »r.| 
time interval for which they are or iahhi;i?«d. 

Several different types — the principles and <»|«*ni»io!i of 
of which are briefly discuswstl in the 8nccm?diiig paragraphs 
are available. Where such instruiiifiiits can be iiccd th«- rivn-^- 
sity of making tedious eompiitntions (for dficrtiiining «lio 
maximum demand) is eliminated. 

Note. — Since, in accordance with A. I. K. K. 

R 01 .B 68, above quoted, maximum demtuu! may l»« tt% 

measurement according to apecificatiotw" msvorai iliffi'n-nt }om>’ji.!in 
have, as will be shown, been utilixed for nm*!!iiuni-<li'it<ai(d 
Furthermore, the different meters oiasrating under throe vnrioiw ptiic 
oiples will not noceawirily indicate the same maximuiii-tlriuand v«b» 
when connected in a circuit serving the same load. 

33. The Reason Why It Is The Average Maximum Demand 
Over aCertwn Definite Interval That is of taterest rather than 
the “instantaneous maximum tlemand" is this: Maximutn- 
demand determinations are made mmt frntjuntilly if not 


portant fa>ctors in the fixing of rates for electric aefviixi, hut 
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with the time. At A, B, C and D are load ''peaks’^ of respectively 180, 
230, 200, and 290 kw. But all of these peaks extend over relatively 
short intervals, possibly from 5 to 12 min. Hence, it would not — for the 
reasons outlined above — ^be logical nor necessary to select the capacity 
of the generator, which is to be installed to carry the load such that it 
could carry continuously the 290 kw. of the peak Z>, the 200-kw. peak of 



Fig. 6. — Graph showing power load to be imposed on generator. 


C, the 230-kw. peak of B or the 180 peak of A. However, at EF is a 
demand of about 150 kw. which continues for something over 30 min. or a 
half hour. A demand extending over this period would have a very 
appreciable heating effect on the generator serving it. Hence, in this 
specific example, the consideration that should, probably, determine the 



Fig. 7.— -Graph of currant (amparas) demand, made by a graphic ammeter# 

capacity of the generator to be selected is the 30-min. maximum demand 
EFj of 150 kw. — ^it, of course, being assumed that the load conditions for 
the 4-hr. period graphed in Pig. 0 are fairly typical of the conditions which 
exist during any period of the generator's operation, 

— In 36^, 7 is reproduced a (reduced) portion of a graph from 
a graphic ammeter* llie ^Mnm.-arnper^maximum demand for 
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toad which this graph repordsi, w, an shown «t f, !.!*« 'I !<<* 

peaks at d, B mvl /> represent vfry-ulKirl-iutiTvd v.i.f li. 

probably would not l»fi of great etmM«|iieiire in 0.. f 

capacity of electrical apparatus to serve » h»ad of t).e » burai njujr* 
shown in Fig. 7. 

Example.— T he pmm of a gfEpliie mrm4 iiiTimii iis lig. k 

records short-pericMl i^rnks at A, Hmm\ E. Ilnw'ifyrr. ili«* I "^^rnin. 
mum demand of tlib load i« lihoiil I,0IMI km. m $hmvu at t', 'Mi 
min. maximum demiiiid i« about fMMI or 9*^1 kw,^ sn wliriii'ii fit |i, 

34. The Tima Intarrtl Adopted m Prtcticti Im 
demand detenninaiiorig, over whifli the irriitr#! m 

averaged^ varies somewluti with the vhmxm^mmiim **f tlir h%ml 


Pro. 8. — Orsph of tK»w«>r domsnti msd. by s gwipbfe 

tl 
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few cases where a demand interval much longer than 30 min. slioiild be 
adopted. 

36. The Time Intervals for Which Maximum Demand 
Meters May be Adjusted are different for the instruments of 



Fig. 9. — Typical characteristic curve of a lagged- typo demand meter 
made for a 15-minuto time interval. 



Fia. 10. — Typical charaotaristic curve of a lagged-type demand meter mad© 
for a SO-miaut© Mm© interval. 

the different types. One type of thermostatic indicator is 
adapted for only one interval — 30 min. “ Printometer” 
indicators (see following illustrations) can be obtained which, 
by providin* a suitable contact-making clock, will print at the 
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of every 5, 10, 15, 30 or (Kl-miri. iriterviil. Wfittz-liour* 
'Semand meters can be obtained wldcli will iiiflifiil-it the itvcriigit 
maximum demand over 1, 2, 5, 15 or 30-niin. iritervitJH. Cltlic^r, 
induction-type, demand meters can be iwIjiBtecl for cinly IS* 
min. and 30-min. intervals. In certain ciines cliffieiilty fiiiii 
been experienced in obtaining accurate rimdirigs over iriterviilii 
much shorter than 5 min., because, apfifireritly, ttic* iiiaxiriiiiffi- 
demand mechanisms are una!)le to oj>eratc cuffed ivcly cm nfiiirt:* 
interval calibrations. The “ Wriglit^* iiiaiimiiiiiHicriiitfid 
meter which is, apparently, l)eing au|>erceckil liy citJicr tyimm, 
has a time interval of approximately 15 min. Figs, fl ariri 111 
show respectively typical characteristic emnm for a I5-ifiiii, 
and a 30-min. demand meter of the liiggisi! type. 
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aiLiiiili. ififriVlil: Kw, AiJl- kw.-hr.-h If fi-itMJ irj.t /.rJ 

flUHt ku\ y iKliA hrj] it "rfi hr. CU)f| kw.Air. 7A i:u>rhrJ i tl.Iiif hr. 

|7fi ■: i'l.B.} hr. • k^r, funrimum 

Ex 4 MrLiI III. l-ViiiiH. iiitrrviif; ! II 

|:tr, mi ku\} y 2| >' fl.^A hr. :■ 0.27# lir. 111177# -I- ».27i lir. 

. ri77i ku\ ?rs#u''ir«y?« #lrw#iri4, 

Ilfl-fiilll. A*«'. 31. /i. ku\-hr, -i I/*-- If.'ICMJ A 1*^ 

: 2] X 0.711 hr. -i ilMI hr, - 177 l,'fr 4ir, -I- 0.711 lif. :i7li - AIX 
min.4ni^rml fimjimum t-km^nd, 

E^amiOvI; IV, #4. intrr-vnl; K^**, MJh kw.dw, i- II ^ 

./ 11.127 lif.l «.27 3r 02,7 hn\dif, -I- 11,27 hr, 2711 l.ir% |7* 
fnm, dnh'rml fmtsimum dr-mffmi. 

d. IltOiiiifi. ifitrrvfil: i%»\ Ai JK hir.»hr, i H ^ (hWhn>, X flj*!7i 
fOTII Af, -f fl..% Ar. ^ 12-7 Aw. llU-min.-tnir-tmi mmsmtumi 

IV.-'-ll, ITp^mm. InU^rvd: Kn\ Af Jh ^ Hn^dtr. '-i- II 
liii. X CI.2S A-f.| 4< 11.27 Ar. ^ Aw. fl-27 Ar. - :il4l Aw, tUmkh- 
ifilrrpil m«.riwiti«fi *|rwiinfi4* 

ii* 3CI»fiiifi, ifil(rr%"iil: K^t^* AiJi* « 4’ II |II»W A?r. X 11.27 

4f. 4 iim krd UfM Aw’4f. 4 am hr, - 177 ku% ^ 
mmimMm 4rmmn4, 
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cause, until some specific mie in, Micre will 1»»* cnjifu’ iui). V 
conditions now exist, when ii maxiinuiii-iiciiuind \ ahi*' i i 
stated it has no particular signifkance unices Mijipli'iiifuhiiy 
information is added. The rejison why the <iilT*-rfiit !n»-ih«iiiH 
of averaging are cncounterc<l, is that the diffi-n ul fipcintieg 
principles utilized in the several tyjM« of ilcmand }o''!*'is now 
manufactured, inherently provhle dilTenuit aviTaginK im J hods. 

38. Demand Meters of Different Types Will not Always 
Give the Same Rating on the Same Load, iiwmiMt, as ahmo 
suggested, of the principles that they involve in "iivei aging'’ 
the demand over the Bpecifital time interval. If ii imiiihcrof 
demand motors of tlio difforcJit tyjxss are all criiinf‘ct«!il }«* ihn 
same steady load for a sufficiently long interval «>f tinic nil of 
them will ultimately indicate the B«m« tnasimuni-ilcmaiirl 
value. But on fluctuating loads tlio deniarn! values indi« 
cated by the instruments which op<;ral« on the difTerent 
fundamental principles, some of whieli are liriwfly discusiwsi 
below, may be different. 

39. A Ctassitication of Demand-measuring Instruments is 
shown in Table 40. While this schediilo is not completiiit 
suggests in a general way the underlying chftract 4 *rMflic« of 
some of the devices meat frequently used in America. It b 
not unlikely that at some future time, Imeainm of the ’’survival 
of the fittest” law a much simpler claiwificaliou will com- 
prehend all of the demand-measuring instnirnontii tnasl 
commercially. 

40. Classiikatien of Instruments Used for Determlato* 
Masimum Demand. — ^This is baaed on the gonoral Hcliemn of 
dassification originally proposed by Mr. C. I. Hal! of tlw 
Genial Electric Company. Tlio list of instrumentii talm- 
lated under the heading “Kinds of Instrumenta or Indicators 
Available” is not intend^ to be ^miploto as line# of in'^lru* 
ments for this servic* may now be considemd «• being in the 
development sta|^ 



2(5 


CKMTUAL HT.ATKfNH 


f Airr- I ! 


41. In Determining Maximum Demand With an Indicating 
Ammeter it is necessary to obsorvo current-inlffHKity at 

equidistant intervals on the circuit under considerafiuiu 'f'itfK, 
these values may be plotted into a graph similar bt tbnt nf 
Fig. 5, wherefrom tho maximum-demand value over llir se- 
lected time interval can bo computcri. If it is tjectwary that 
the demand value l)c in kilowatts it is also nt'ccatsary b* uin 
sorve simultaneous voltage values wherefronj the pruver e»ii Ui 
computed. On the commercial con»tant-jw»b<ntia! I'irniita 
it is usually considered unnecessary to make simiiltantsitHW 
voltage readings, inasmuch as the ampere miiximtnn •lem.aiitl 
is usually the most important for this service. Whore the 
load is reasonably steady it is usually sutFicient to take inatrii- 



ment readings every 5 min. But with fluctuating lowk It may 
be necessary to take readinfpi every I tiiin. or even at ahnrior 
intervals. 

42. Aa Ammeter for Direct-Current Use, ]MUudinuai>de> 
mand Measurements is du^rammed in Fig. 12. This may 
bo utilized on mther direct-current aeri^ line wires or on •titflo* 
conductor cables without its being necaaary to open the c«,m* 
ductor under test. Thedevicemay beconairkiml gsconiprtaing 
two wential components; the exploring coil, C, and tlm meter, 
M, The meter, M, consists of four elements: (t) m ewnwsfef, 
I, which is actuated by the current flowing from th® taittery 
through the fine-wire winding, W, of the explorlnf wdl; 

« sonoWe resistor, B; <8) Um^mdiage baU$rg, N; and (4) o Jlux 
polarity indicator, P, 
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Operation. — When used to determine the current in the conductor 
the hinged section of the exploring coil is opened and the coil is placed so 
ns to encircle the conductor. The current, in the conductor A under test, 
creates a magnetic field in the core of the exploring coil. This flux will, 
provided the coil has been placed over the conductor under test in the 
proper direction, cause the indicating magnet, which is mounted in a 
small air gap, to move in a clockwise direction establishing a contact at 
B and permitting current from the battery to flow through the winding 
of the relay on the instrument. 

This causes the flux polarity indicator to move toward the right, show- 
ing the observer that the indicating magnet is, because of the influence 
of the flux due to A, making a contact with B, Now, current is per- 
mitted to flow from the battery through the ammeter winding of M and 
through the fine-wire winding on the exploring coil and this current is 
varied by adjusting the variable re- 
sistor, Rj until the counter flux, due 
to the battery, just neutralizes the 
flux due to the current in the con- 
ductor A, 

When this occurs the indicating 
magnet will swing out of contact 
with B and the flux-polarity indi- 
cator will notify the observer thereof 
and the current read on the ammeter 
scale, J, of the instrument M will in- 
dicate directly, or will be propor- 
tional to, the current flowing in A. 

The exploring coil may be used at yjo. 13.— Portable transformer 
any reasonable distance from the open, cable having been inserted, 
meter provided the number of cells 
in the battery is correspondingly increased. 

43 . For Determiniag the Mazimum Demand in Alternating- 
current Lines the currents flowing in the line can be ascer- 
tained: with a portable testing transformer such as that illus- 
trated in Figs. 13 and 14. The complete outfit (Fig. 14) 
consists of an alternating-current ammeter, a split-type 
current transformer and a suitable flexible lead for the inter- 
connection of the two devices. To measure the current in the 
conductor the transformer is opened (Fig. 13) then closed 
around the conductor, after which the ammeter (which has 
been properly calibrated for use with the transformer by its 
manufacturers) will indicate the current inteiMity in the con- 
ductor under test. 
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44. For Determining Maximum Demand with a Graphic 
Wattmeter or Ammeter it is merely necessary to examine the 
graphic record produced by the instrument for the period under 
consideration and thereby find, by inspection, the greatest 
power demand that has occurred in any time interval of 
the prescribed duration. Fig. 7 shows a typical record 
from a graphic ammeter while Fig. 8 shows that from a 
wattmeter. These illustrations have been referred to in pre- 
ceding paragraphs. 

46. A Westinghouse RO Demand Meter is shown in Figs. 
15, 16 and 17. This might be called a lagged-type in stru- 



Fiq. 14. — Portable outfit for the determination Of current in altemaiang- 

current lines. 

ment, inasmuch as the movement -of its demand pointer is 
retarded by the action of an escapement wheel (F, Fig. 17). 
It is made only for alternating-current service. The general 
operating principle is the same for the single-phase as for the 
polyphase meter. These instruments are installed in the 
same manner as are ordinary watt-hour meters, no additional 
apparatus or wiring being required. Each device consists of 
an induction watt-hour meter to wMch is added the maximum- 
demand-meter mechanism. The maximum demand, in Idlo- 
watts, is indicated by the pointer, which moves over the 4-m. 
dial. The integrating ^ergy is registered in kilowatt-hours on 
the four-dial counter. 


s’\' I i V. c 
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Construction. — An auxiliary aluminum dS/(A^Fi|(|f..iij.iO jaftou^4ed4ii. , 
the air gap of the watt-hour meter electroni^net;T^ih'6Vidhd^'K)'“d#ivh ' 
the maximum-demand pointer P, The speed ^pmqvement of the pointer 
is, through gearing, retarded by the main di&c. ^^^'^ac^as its mak^p^V 
states : The mechanism is very similar to that o^^^or^^f^^ " 

auxiliary disc (A, Fig. 17) performs a function son^^da at sin “ 
of a main spring, in that it furnishes power for driving thedSnLa^*p^ter 
and the escapement F, while the rate of progression of the demand pointer, 

F, is controlled by motion of the main disc — which performs the function 
of a balance wheel. It is, then, to be observed that the function of the 
main watt-hour-meter disc is, insofar as the demand mechanism is con- 



Fig. 15. — Single-phase watthour 
denmnd meter (Westinghous© Type 
RO). 


Fio. 16. — Polyphase watthour 
demand meter (Westinghouse Type 
RO). 


cemed, simply to regulate the rate of of the auxiliary dis6 A 

and the progression of the demand pointer. The main disc supplies no 
power to the maximum-demand mechanism except the negligible amount 
required to oscillate the escapement claw. 

46. The Principle of Operation of the RO Demand Meter is 

this: When energy flows. through the meter, the main watt- 
hour-meter disc (B, Pig. 17) is forced to rotate the same as in 
any alternating-current watt-hour meter. Its rotational speed 
is, obviously, proportional to the load. The auxiliary disc 
A, which (Mves the maximum-demand pointer, will also tend 
to rotate. However, its unrestricted rotation is prevented by 

62i*3J^i3 3Zi66 

'Nl? 




tho action of the esenpoment wheel e. IVow, thp mum 
driving through gears .111 and I (which liavc cr,?u»« » 
with the auxiliary shaft) oscillatoH tho oscaiM-nicnf nmim> . .f 
the cam O. Thus, the auxiliary disc is isTiuitt*-! to swing, 
but at a speed proportional to the loiwl. Ah the vi-vniMWUt 
claw oscillates, tho tooth of the osc(ii>emont wh«s-i tire idfowci 
to pass, one by one, until tho tension of the sj.ira! spring f 
balances tho rotating torque of the auxiliary disc. The iii.- 
chanism is then in eriuilibriuin, tho demand jsiinlcr indirafing 
the load. But although the main disc may continue to rotate 
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always tend to follow the variation in load; at the same time the demand 
pointer will always indicate the maximum demand up to the instant at 


which the instrument was observed. 

To reset the instrument, the reset- 
ting button T is pressed. This raises 
the pawl from the ratchet and the 
pointer is then, by the action of the 
spiral spring returned to zero or to 
the position of the auxiliary disc. 

47. The Time-element Feat- 
ure of the RO Demand Meter 

may be explained thus: When 
any constant load is being 
metered by the instrument, the 
time required for the auxiliary 
disc to reach equilibrium is con- 
stant. Thus, assume that the 
demand meter is so calibrated 
and adjusted that it requires just 
15 min. to reach equilibrium when 
the constant power load being 
metered is 600 watts. Then, if 
this600-watt load is discontinued 
and the meter cut into a circuit 
carrying a 1,000-watt load it is 
obyious that the demand pointer 
win deflect over exactly twice the 
angle obtaining with a 500-watt 
load, however, the main disc is 
now rotating at twice its former 
speed. Hence, the pointer wOl 
attain equilibrium in the same 
time interv^ (15 min.) as with 
the 5G0-watt load. 

48, The Wright Demand 
Meter (Figs. 18 and 19) might 



Fia, IS. — The Wright damgpd 


be classed as a ihemid-type lagged instrument. It indicate 


ampere only fmd not kilowatt demands. The prineipto is 


diagrammed in Mg. 1&. The current, or the shunted part 



thereof, to be metoreci, flown through thr^ rrni*«ffir I’tti! uf |f!rifi- 

noid, (J, which in wound uround iiii eiilargiuiiiuif A f*f it I •< 

shaped hormeticaliy Healed glann lube. 11ie liiln* h 

filled with sulphuric acid or Hiiuilitr fliiiil WIn'ii nirmii ilnm % 

through (7, the ronistor is hent^jd ihiu'ohj. Tli** iiir 

bulb A is expanded wliicli forces Am liffiiiti !« ri^n in I bo |o|,» 

L. If the liquid risen al>ovo a crtilain H, it ti%cr 

into Ihf* HiiiriJI griiduatj**! 
iiibe. Tliii qtiiirifiiy uf 
wliicli lio’ws info I lilt tiilMi 

i»« f.iikeii to imUmUi Ifi#! 
irifixifiiiiiri lieitiniii'b If tliif 
iialex Iin^ iiiiififirrti 

the liiuglii of tiifi iir|iiid iff H 
will tliiiii Im II mmMum of tlio 
Hr|iiarcof ihnmminmm mmmi. 
In ifii! tteliiit! iriptriiiiiefil lliii 
divisiiiiis iricreiiiii! in sparing 
froiii llwi biiitiiiii ii|i„ Aftc# 
having bwri riiaih Ifwi 
Clin Im tiy lllliiig Ifir^ itikf, 
alloiviiig Itiff li<|tiiii m flow tnirk 
into II* Tlitue itini.an tfiny Iw 
umtd on iiitliiir miliiriittiing tir 
diroci-etiiTciil circnilii »«i| 
wbllt tl«if hiii^o mmii 

tlifirif mm ii gf€*tt iiirifiy nf 
tlitni la. Tti# il«ig.ri «if ili# 
fra* tia« ttot t»gll iltolwl 

of the Wright materially in y«an,. mum rim 

* ttii griiiiially 

le iM^eat provides a eerteiii time lug. Ite mamifurliiwn* 
ate that jf a st^y over-tlemand conUniiea fw & m'm., Nri 
^ cMi of the load will be Indicated; 10 mlm, m per w«i.; 
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of the fluid or gas. They are all classed as lagged-type instru- 
ments. Figs. 9 and 10 show typical characteristic curves for 
instruments of this general character, which were designed or 
calibrated for 15-min. and 30~min. time intervals, respectively. 

60. Of the Integrating Indicating Demand Meters the 
General Electric Company's M”'4 for alternating-current and 
M“-5 for direct-current service (Figs. 20, 21 and 22) are typical. 
These demand meters operate 
hour meter, substantially as 
demand-indicating element is 
register of the watt-hour meter. 

Fig. 21 diagramming the mech- 
anism of an alternating-cur- 
rent meter, illustrates the gen- 
eral principle. 

Operation.— A contact C (Fig. 

21) is mounted on the watt-hour 
meter. It completes contact each 
time the watt-hour meter has made 
a certain number of revolutions, 
that is, every time a certain number 
of kilowatt-hours of energy has been 
registered by the watt-hour meter. 

Whenever C contacts, operating coil 
0 is energized and pulls over its 
armature. This advances ratchet B 
one notch. In this way the friction 
pointer is propelled forward-~*the 
motion being transmitted by the 
ratio gears— as energy is consumed 
in the circuit being metered. The friction pointer is not rigidly con- 
nected to shaft S, but is pushed by the dog D, which is rigidly connected 
to S. It follows that the position of the dial-pointer on the scale is de- 
termined by the energy consumption registered by the watt-hour meter. 

However, so that the readings of the demand meter will — ^to satisfy 
the definition of maximum demand quoted above— indicate the demand 
over a definite time interval it is imperative that the dog D which drives 
the friction pointer over the scale shall be reset to the zero position at 
the end of the specified time interval. But the dial painter must be per- 
mitted to remain at the most advanced location on the dial scale to which 
it has been forced by the dog. The mechanism of tMs timing feature is 
this: 

s 


in conjunction with a watt- 
suggested in Fig. 22. The 
driven electrically from the 



Fig. 20. — Alternating-current de- 
mand meter diagrammatic repre- 
sentation of which is shown in Fig. 
21 (General Electric Co., Type 
M-4). 



The aluminum dim; M (Fig. 2i) in the ileniMuI mrli-r (‘Aliirii v* *i 
by the held produced by an alternating-ewrrrni i 

to the disc in any altornating-eurrent wnit-liwir ‘md m f*i 

rotate by the same magnetic rciaetiom m t\mmf wliifii ruf'tir itti' dr^r- iii 






.Cftntact ©n 
Watthaur M§t§r 




fUmmWfmf* 


%€ m^rnf mm^m 


CENTUM, .ST A TIOS.S 



Sec. 3] MAXIMUM DEMAND AND DEMAND FACTORS 35 


at the end of each 15-min. interval or the end of each 30-min. interval) 
the trip levers T, by the action of the cams iC, will be pulled together by 



Fig. 22. — Method of connecting alternating-current demand meter for 
440 and 600-volt loads. For 110 and 220-volt loads, and for direct-current 
loads the transformer is omitted. 


the small spring in tension between 
rotate at a uniform speed by disc M 
which drives through the gearing 
shown. When the trip levers are 
pulled together the clutch at H is 
released and the spring 8 wiU return 
the dog D to the zero position. But 
the friction pointer will remain where 
it was. Hence, the dog is thus re- 
turned to zero at the end of each of 
the prescribed time intervals. It is 
obvious, then, that the direction 
pointer wiH— assuming that its scale 
is properly calibrated^ — always in- 
dicate the majcimum demand for the 
period during which the meter has 
been in operation. 

After the maximum-demand read- 
ing for the period— for example, for 
a month— under consideration has 
been tAen, the demand pointer is 
returned to the zero position by the 
meter reader. He unseals the re- 
setting device and turns the handle. 


them. The cams K are caused to 



23. — ^Printometer-type de- 
mand meter (General Eleotado-,, 
Type F, Form AA). ' 


The direct-current demand naeter (M-S) of this general 
type is similar to the alternating-current except that instead 


30 
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of the timing mechanmm boing rtmlmllwl hy jui Hhuusmiin 

disc which is rotated by an aHernatii»R-curf.‘i,» 

field, it is rotated i>y a c!ockw<.rk within il,.* dm, and »n,*t. r. 

61. Prmtometer-type Demand Meters an* n.a.t.- f-t l-.d, 
alternating and (iirnct-«nirre«it wrvice. 'I'lw. 

(Fig. 23 and F, Fig. 21) is not of ilwlf a iio-tir, bni i** inor.-ly 





a r,^tering device need In eombinalion with » aiamlwd 
watt-hour meter (F, Hg. 24) and a ctmtect-making clock 
(C, Fig. 24 «jd Fig. 25). ITreee illuatratiom show tl»« <»«n«r«l 
HteeWe Compimy’# Type P-2 Inatrutnnnl. Pritititmitlw 
records are printt^ on pap^ stripe, a piurt of ow of which li 
shown in Fig. 26. TUi room'd ritows the total enoffy wm- 
sumption as registered 1^ the watt-hour meter. It also iditiwii 
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Kw.hr. Consumed 
During each 30- 
I a /V ^ A ' Minute Interval 
0 


the time of day at which the various blocks of energy between 
any two successive printings were consumed. The maximum 
demand can be readily determined from the tape record (Fig. 
26) which also will indicate the hour 
and date upon which it occurred. 

Opeeatihg Principle. — As energy flows 
through the watt-hour meter W (Fig. 24) 
the meter contact is successively closed and 
opened and, whenever it is closed, current 
flows through the solenoid in P and its 
plunger forces the cyclometer type wheels 
ahead a notch. The mechanism is so ar- 
ranged that the type wheels are moved for- 
ward at a rate equal to the rate of flow of 
energy through the watt-hour meter. The 
upper-most figures on the type wheels give 
at any instant a reading in kilowatt-hours 
equivalent to that indicated by the watt- 
hour meter dial. 





Fig. 25. — Contact-making clock or Fio. 20. — A twelve-hour 
contactor for printometer-type demand record from a “printometer" 
meter. demand meter (General Elec- 

tric Co,, Type P) . Illustration 
is exactly half actual siase. 

The contactor C (Fig. 24) on the clock makes contact at the prede- 
termined time intervak (for example, every 15 min. or every 30 min.) 
and each time that it does the kilowatt-hour eonsmnption up to that 
instMil Is recorded on the tap© as shown in Fig. 26. Simultaneously the 
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time of day at that instant is printed m the la|«». lliiin thr rl.f 1% ti 

in Fig. 26 is obtained. The waU-hotir-meler friiit art nhamn If' 

24) can be attached to any watt-hmir malar, Whrra fha |friiif#*iii*‘!rr ir* 
to be used in making teste at a numlw^r of dilfaraiif a fiiirlfi! tit- 

outfit similar to that of Fig. 27 m corivanknt. 

52. An Integrating Graphic Demand Meter (Ci-iifral 
Electric Company's Typo (1-2) is shown in Hgs. 2H anil 
The chart or record produced hy this dovirr* is rcjinnhiwd in 
Fig. 80 and tho method of connecting it in Fig. Tho 
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mand mtter airing^d in 
tained caw for field 




den^-nwt^ moiremeat k oontrd W hy » watHioiir rnmr 
mih w.meh il m «I«itri^y ia^^aatctiy (yig, M), Hw 

wnlwjtor, which is mounted on the w«ti4iot«r.mei«r i^t«r 
u- control cirmiit at intw/al«, the freqiwney of 

which is detemined by tibe ^eed rotation of tiw w»«. 

K br tk. «. 
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ture lever is attracted. This moves the ratchet wheel forward a notch. 
When the contactor opens, the coil is deenergized and the lever is pulled 
back by its spring — ready for another push. The stylus is moved upward 
a certain distance each time the contactor closes, the motion being trans- 
mitted to the stylus through the gear train shown. 

As energy is consumed in the metered circuit and the contactor opens 
and closes, the stylus is forced upward '‘step by step'^ across the chart 
until the end of the time interval for which the meter has been adjusted. 
At the end of each time interval, the cam (which is driven by the clock 
within the meter which also rotates the chart) has rotated to such a posi- 
tion that the first of the trip levers falls. This disengages the sliding 
pinion from the gear in which it normally meshes, which permits the set- 
back spring to pull the stylus mechanism to the zero position. 

As the rotation of the cam is continued, the second trip lever is per- 
mitted to drop which returns the sliding pinion* to its normal position and 



FiO- 31. — Method of connecting alternating-current graphic demand 
meter for 440-volt circuits. For 220 and 110-volt alternating-current loads 
and for direct-current loads, the transformer is omitted. 

again completes the gear transmission system between the armature 
lever and the stylus. This having been effected the demand-meter 
movement is in trim to again drive the stylus over the chart during the 
next time interval. 

Since the clock within the demand meter rotate the chart at constMit 
speed, the stylus will travel a different course over the chart during each 
time interval as shown in Fig. 30. In any time interval the distance 
(measured along the curved line which it draws) of the stylus from the 
zero circle of the chart is, at any instant, directly proportional to the 
number of kilowatt-hours energy registered by the controlling watt-^hour 
meter during that interval. Hence, the ends of stylus^record lines indi- 
cate the d^ands for the different interrals. The end of the long^t 
stylus-record line indicates the maximum demand. Thus, the maximum 
demand for the period comprehended by the graph of Fig. 30 is (at M) 
98 kw. 
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’Record Mctcie 
by Meter i 


‘Dejmrjd In Kw. 


62a. The Westinghouse Recording-demand Watt-hour 
Meter is shown in Figs. 32 and 33. This instrument combines 


Fig. 32. — The Westinghouse Type Fig. 33. — The mechanism of the 
RA demand watthour meter. Westinghouse Type RA demand 

watthour meter. 

in one unit a watt-hour meter and a demand meter. It 
indicates,* on a four-dial counter, the total kilowatt-hours 

'Hours of Day Sfcrmp&f onPaper 


Fig. 34. — ^Record of a 15-minute- Fig. 35. — Record of a 30-minute- 
intor^ RA meter. interval RA meter. 


energy consumption and records, on a strip or ribbon of paper 
(Figs. 34 and 36), the int^ated kilowatts demand over suc- 
cessive predetermined time intervals. 

• W^tinghoixse Meotrio Mimmfaotmin Company. 


'^erf&nethns to Engdye 
Pins hnOriviny Drum 
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Peincifw of Ofeeatioh.— U nder bad, llie genr ttulu iff flif» miiti' 
hour meter acivarie® the eounteri in the m-mnn, flu* 

time the gear train cati«® the iiik-i*iirryiKig |«-n !«♦ rpIvaiH’#* th»- 

record paper in proiKtftion to the fnm^y rtuhtrirA. .If tl** ru4 «| a 
predetermined time intorviil a stud mt lh«^ rri^«^t tln^ |» n 

gear from mesh with the gear train and ii halniiriiig !lit« 

pen to zero, where it is jigiiin mealiial with ti*e gear fritiii t# irpnii if 4 
advance during the mxi tiine interval , 

Just before the pen giair i» releri^Ml, the m*or4 |Hi|*ef m ii4vftfe**-d 
in. by the ojMiratirig spring so llial thn fs-ii ittiike# a ilwifiiiri anil 
readily observe<l reconi of the iriasiriitiiii |«ui Tluii rrrnrd 

both the amount of int«^ri4t4!ii demand and fhf llie iiiinr! rtt|if»rati«in 
printed on the record pafier) the time of its Tlir ineirr 

may be geared for 15, 30 and OO-ndn. time inlervils. 

63. DemaM Factor* is *Hlici ratio cif t’lMi iiii«iiiiiirii fiititiaiitl 
of any system or part ctf a system, to tliii tiitiil mumn*Unl Ifiml 
of the gyitem or that part of t\m nymimm mnhr roimiflrriitiiifi/^ 


Eftl'Kl I V ISFtS wlM «Myttgii *<i 


ifif ■ 9 iii 


factor” of any iriHfjiIlation, tlividc the maximtiin iittmnit4 


Conned^ had » 


maximum demt$ttd 


64. Tlie J^bmatioa of '^Bonuiid f«cte>C* wifi now be e«n» 
sidered: It !« seldom that tli® kilowatt or kilovdt-«iipw»* 
maximum power demand of a group td dleetrieal dovtroa w 
"receivmrs” la equal to th® aum of tho kilowatt or kilovolt- 



Hi. :il MAMMI'M ItHMAXU .I V/* IH-MAAIUM J.l 

■Ht, fli<- li** iiii|>n**iiti 4 tli«‘ iimsiniitm IiukIh whit !! 

mu **ii Ui« )<u|i|»iy fircuit. 

It '.%•.( th«! «if (t)<))i;itiit fjn'tnr m'lt.-.i 

licit 4*'!f»'Ut>l iif UiJ’i at** KKftti .ifit'H Ihtifi nut |B'r nut. 

Imwi-vir i«*! I<KI ji«»r .■Mil. fl.'iiifiiitl sir*' 

Ain**, iloMimiil fii. rtiav i>*', iilni »r<«, nt*'Jii«»r 

PM* ji*’r ii.'r*? !i t'nwlil, III till' ti 

njijrarntiin liniM, iiiivi.ninly, l«' «»v*srl.*iiilr4. 

55. Th« DeterminaUdn of a Demand Factor ran rffolily 
i.fTcrfr'il if tl«} two viilum: 1 1) '/'/w* Minimtim Ihmnnd itjiil (2) 
Thf t'mimtikd Limd, am known. Ifomsi!, in fiiniiiig tim riu- 
rnatni faetor of tin nxiiftitia inatiillation, ita tiinicunttttt iinntait«t 
miwt !»o '“aiO'i'rtainiwi hy trwk -l»y foUowinn i»n«» of 

the iiiKtfjoda ht'rniHlw'forn ilisir’ritHal. Then tho coimi'fU'i! 
load can las comjriilotf by a<i>iinf( togclbcr the naini’irlittca or 
maunfacturcm* ralinipt of all of the n*C€»iv«r iii*vici«« in lln* in* 
atallatirrn. Tim valtjiw llnj« ubtainm! inay I lion l«»«il»ti(iit*w| 
in Initiation (1) ami iht? problem aolvod. Homo of the 
under Art. SH iHtit*lr*l« Ibn prociwi. In doHiittiing now in- 
atallatlnna when? it is* imcniMiary to know tbn iimsimiim dit- 
tnandit, tho doiMiiniir mual aiwnm© disniaiwl factors, btisinii lii« 
aiMumptiona m vtdnon which twta havo uliown to obtain nndor 
similar conditioiw in praetiM. Tho valuwi divnn in tho fwl- 
lowiniK tablisi may Im iimkI aa a iMntia for nucli aiuiitmptioiiM. 

86. In DetarmiAiag Damand Facton of Dkmt-mnmt Clr> 
euita it m, where f»w»ib!», floMirabio to reckon tho connirntmi 
Imd ami Ihn ttiMimttm demand tn watta or in kilowaitii, 
liowevor, wtim tho Rtaxitniint detnaml can be more eoiivefti- 
ently aamrtninfld in amperoa, Hien ilte conneetotl load m 
taken m the Mtn d the ftydl-ioad current (in arafieroa) inputa of 
alt d the deeiecw in the group undiH’ ^Huuderatbn. In aueh 
caMi it M aaaumed that tito voitiUEe impreiMml on the multiple 
''omwtanl'ipotential’' drcult remaine eonatant. Whero the 
niaalmura-^mand mduea have been obeerved by ^t with a 
direet-ctimnl, iine-li»tlng ammetaw, Uke that d Fig. 1% the 
connected ItMui la meet miavaaiiMtiy takwt in amperea. 

67. £a IMMridaini ]>Maand Faebmi d AlterM^-eamst 
Ciremite tiba mautitnum (famumd may be obeerred in etilmr 
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au^.--A oeruait nddmm bM « emttmimi twl w tofte**; 
lew 0CNratt immty ItMirstt !«»]«, itfx Ixinpi. WW» • 


68. How# Demand f actore are Deed w illiwtmtei in ih« 


kilowatts, kilovolt ainjKWs, w aiitjicms <lv!« jf.iii!K iipun )h>- 
methods and iiLsiruimmis uned for immMmim iii.’iMismiii 
demand. All of the iiiaxiinuiii-deiiiaiid im^fors lonv mi thi* 
market, except thonci of the thenniil iiidir;i!f* ihi* 

mum demand in wiit.ia or in kilcniiiifi^, W'hnp 
similar to those of Figs. 13 or 14 lire fhi* 

demand value tlierehy ohi-iiiiied is, t^hxmmly, in 
The thormal4ypo demand meters lisitrilly ri'ip! in 
Where the maximum deniami is tmmmmnl in it m 

multiplied by tlia impresseii v<4t4igi! in oiiiinn tlii* kilovuli- 
ampere equivalent. 

Note.— “-T he coriripi'ted Itmii may \m rr«4«»tir4 in ntl'-m lil*rwritti« nr 
kilovolt-amperes. It is however, iimialiy rerk«iii?*i iii kihiwuit* 
most receiving devices are rated in kilpwatlii ■ m iii ut 
both of which rimy lie directly ri*diicitd Iti kiUmmUm. 

Hence, it followi that t!m cliiimind hictcir nf an 
circuit may be taken mi either: (I) Ckte. wim, *km4 < <i^y, 
or (2) as (km, mm, (km,) 'i- (kw, mn.kmd). It, k, in leiirmi* ilir - 

ampere demand rather than the kilnwmli W’ltkii d**'frrifdiir;# ilte 

capacity of --“hence, the irivi^tfiieiit m|t»ret| elpf'irirai rtpiifp 

ment requir<»d to serve a given load, ilenrf?, the wr*ifp| t-i'iri|ioi| 
max, (km.) + (kw. mn. kad) apijeam to im ilm mnm otie. It m 

the one which must, dinfcily or iiidimclly, twi wlwre llii» rowiiitoafip 
demand determmatiiirt m mmUt tri prmkh a hsuin fur I fie is*4erii*»fi of 
equipment and, plant to Wftve a load# However, iitirn iiisini i|eiii«ji4 
indicatoiB indicate kibwatti iiiatead of kibvtilt*»fii|atfe rleri,ri»iiy mifi 
schedute are, prolialily, mmi often bai^l «♦«»** flic. oio#. *irm I « <kw. 
dm. bad) ** demand factor. In ancli nmm ilie fmlitw of tiir faiwrr larior 
of the load l« meognlmd in some aryirarf way i« tli# rale w lilefi 

is compiled to apply. 
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demand meter it, in ol^aeirved that the 30-inin. maximum demand is 838 
watte. Wiiat is tho clorniand factor of this installation? Solution.— 
Connected load is: (4 X eo) + (20 X 40) + (6 X 10) = 240 + 800 + 60 
* 1,100 watte. TliBia siabstituting in equation (7) Demand factor = 
(masimum demand) -f- C^annected load) = 638 1,100 = 0.58. Hence, 

the demand factor of tHis installation on the basis of a 30-min.-interval 
maximum demand m SS x>er cent. 

Examfls.«— The eonriLCiO’ted lighting load in a large theatre is 3.6 kw. 
What will, probably^ ’Bo ”tlie 30-min. maximum demand? Solution. — 
The probable damaricl f“a.otor for a large theatre lighting load is (Table 
61) 60 per cant. Ifenioo, substituting in the equation (8) : Maximum 
demand » {demand X {connected load) = 0.60 X 3,600 = 2,160 

waik. Henet, the 30-im.in. xnaximum demand would be, probably, about 
2.2 kw. 

BxAMFLl.““In FIg« 30 is shown a group of motors representing a 
total connected loud of 3'7'0 h.p. Assuming that for installations of this 
character the dernancl Jf^cfcor is known to be 55 per cent., what is the 
maximum damindf 3oXirrTioN. — In equation (8): Maximum demand 
*■ {demand /ador) X C<^07znected had) = 0.55 X 370 « 203.6 h,p. 
Now, 203.5 X 0*746 »« kw., which is the maximum demand. 

Bxamfli.— “I n Fig. ST tilie total connected load, that is, the sum of the 
watte IoimI ifiitalled In a;.ll of the buildings, is 16.75 kw. The maximum 
demand Indioated by wattmeter P, that is, the greatest demand ever 

indicated by this inatrijirrierit is 6.7 kw. What is the demand factor for 

this load? ^Substitute in (7): Demand factor » {maximum 

demand) 4* (mnmeied Zaced) = 6.7 4- 16.75 == 0.40 = 40 per cent. 
Kfence, the demand faebox for this group of consumers is 40 per cent. 

m «irte.ixx town of 1,000 inhabitants in Missouri served 
by an alteiiiftliiig-citrr©x3L*fc plant the connected load, motors, lamps and 
ai rtealving &%vhm totjals 55 kw. The 30-min. maximum demand is 
kva. What i« dLemand factor for the system? Solution. — ■ 

Subititote In «|iiatioxas. (7): Demand factor * {maximum demand) ^ 
Imi) «• 20.S 55 « 0.38. Hence, the 30-min. interval 

d#m.aftd factor for this imataUation is 38 per cent. 

ii. Tftbl@« of I>emand Factors wMoh are given here- 
with are Intended, jpaerely to serve as guides. While it is 
bditv^ that they 3ro:i>resent average conditions they must be 
used with Judgmenis. The only certain way to determine 
demand factor for specified conditions is to ascwtain them 
by t«t* It IS M imp2nacticable to arrange a table of demand 
faeteri whieh will oover all conditions as it would be to com- 
pile a schedule indioatlng what Mnd of a hat a women m 
wrWn eompimioti And nationality would probabty buy undter 
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given conditions. However, where test values are unknown 
the factors tabulated (Tables 61 to 65) should be of service 
in designing new installations and plants. 

60. Demand Factors for Lighting Installations are reason- 
ably constant for each of the different classes of service. For 
example, the demand factor for saloons will usually be in the 
neighborhood of that indicated in Table 61; that is, about 70 
per cent. Furthermore, these lighting-installation demand 
factors would be about the same for a given installation from 
week to week. Lighting loads are not subject to the sudden 
pronounced variations that occur with power demands. 
Hence, the demand factor for a lighting load determined on 
a 30-min.-interval basis will be about the same as one 
determined for the same load on a 15-min.-interval basis. 

61. Approximate Demand Factors for Miscellaneous Light- 
ing Service. — Factors are based on observed data from a 
number of sources on a 30-min .-interval maximum demand. 
The following factors apply to one consumer only. That is, 
to obtain the 30-min.'^ maximum demand of one consumer 
of any of the given classes, multiply his connected load in 
watts by the corresponding demand factor. Factors de- 
termined on a 15-min.-interval basis would not, probably, 
differ materially from those given. 



Demand factors in per cent. 

Qiiss of Ughtmg 8&evioe 

Probable 

range 

Probable fair 
average value 

Sign, outline, display and window lighting. . . . 
Theatres (small) 

90-100 

70-90 

100 

75 

Ofl5.ces (business and professional). 

55-90 

70 

Banks 

55-85 

70 

Saloons. 

60-90 

70 

Restatiramte. 

50-80 

70 

Laundries. 

60-75 

70 

Lodge and dance halls 

65-90 

70 

Depots (railway stations).. 

75-95 

70 

Shops (barber shops and 'feha lilra) , 

55-80 

70 
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CIiiM of lighting uprvipf 


in f ' ^ *.'! 

rt>JmhU Imt 

fe’. 

^ 

Sf.riTfi® ■ 

m m 


Pool and billiard rooms. 

4«. lO 


Printers and engravere shops 

rill 7fi 

1 nii 

Theatres (large) , . 

10 7.1 

1 lift 

Churches and auditoriiinm 

r,r, nr, 

^ mi 

Factories 

ilr m 

' aft 

Livery stables 

m mi 

fsfi 

Schools used at night. - 


i mi 

Machine shops 

2rr mi ■ 

1 t.', 

Hospitals 

• 2 r, m ] 

1 m 

\ 

Warehouses ^ 

20-tS 1 

! Ii'l 

County, federal and miinictpal Imildings.. ... 

:!0 1 

^ Si 

Universities and eolIeg«» 

20 S« ' 



62 . Approximate Demand Factors for SnMil Lighting Con- 
sumers. — ^Th© following factors are tln»«i isaitl U> Im in 
Chicago for computing ratcw for small lighting 


factors are based on a 
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studios, be determined by '!'»> !«• <if niat 

such test should extend over sn cxlrteii d pcsioil I 
perienco has shown that tho eiemand oi loa 

very much greater on cesrtain dayn or thari 

64. Approximate Demand Factors for AHcrnati 
Motor Installations. — Factors artj ba^^•^i osi obs< 
from a number of sourecss on a 3l)-!i}in.>int<‘i \ ;d ina 
mand. In this table it is assmniii that :«»i>iati< 
mand factor = (rnaximum ikmtittd in kitt.) % iron 
in kw.). Bocause of the large Ntarfing rurrj iits 
alternating-current motors the duinaiid fwiitrs in 
liable to be rather high. 


i^mm fit mrvhm 
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14118101 til 1 
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66. i^n^roxfi&ate Demaad Factors for Diroct-cun 
iMtaBatiCHUi.— Faetcm ara baaed on oliitervwf rla 
number d ammses on a sbort-tinM intervaJ miuiltnujr 
In table (equaiioQ 7): dentnud pMvf » 
demand in kw.) •f ieommted bad in km,), 
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Demand factors in per cent. 


Number of 

Total motor 



Class of service 

motors in 
installation 

horse-power 
of installation 

Probable 

Probable fair 




range 

average value 


1 

1-5 

75-95 

85 


1 

6-10 

65-85 

75 


1 

11-20 

55-75 

65 


1 

over 20 

50-70 

60 


2 

1- 5 

70-90 

80 


2 

6-10 

65-85 

75 

Direct-current 

2 

11-20 

60-80 

70 

motors, 

general factory 

2 

over 20 

45-65 

55 





and other 

3~5 

1- 5 

60-80 

70 

service 

i 3~5 

6-10 

55-75 

65 


1 3-5 

11-20 

50-70 

60 


3-5 

over 20 

40-60 

50 


6 and over 

1- 5 

55-75 

65 


6 and over 

6-10 

50-70 

60 


6 and over 

11-20 

45-65 

55 

1 

6 and over 

over 20 

25-55 

1 45 

Machine shop 
individual drive 

10 and over 

! 

over 20 

35-60 

40 

Elevator and 
crane motors 

f 1-2 

< 3-5 

[ over 5 


90-110 

60-80 

50-70 

100 

70 

60 




66. The Importance of Maximum Demand and Demand 
Factor in Determining Suitable Transformer Capacities is a 
thing that is not ordinajily given the consideration which it 
deserves. The usual tendency when installing transformers 
serving individual loads — and those for serving group loads 
for that mattei^is to select transformers of capacities con- 
siderably larger than is actually necessary. Hence, where a 
transformer is to be installed some sort of a study should 
always be made to ascertmn the facts and determine the con- 
sumers actual maximum dem»d. It will be found that in 
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the long run such a course will be justifiecl I.iy iJii? ?^nvifig in 
fixed charges and operating expermes which result, 

Notb.-— Where transformers are larger tlm« aitfiiiilly n#Ti\v<'iry, tf,jp 
interest charge is greater than it ehoiild I>e and tlirrt? iir«< abn mi^^flhium 
charges due to excessive electrical losses which, in flit! iigirrf^a!*% iiiay 
considerable. Where a group of corisii«i<?rs in in Im m*TvM bv n tmuH. 
former it is desirable to base the capacity of tlic tii |«- isi- 

stalled on the diversity factor (Art. 70) of the mmxumm m iri'll m m 
their demand factors. 


SECTION 4 


DIVERSITY AND DIVERSITY FACTORS 

67, Diversity, as defined in the dictionary, the state of 
being dissimilar to one another.” There is a “diversity” 
or difference among: (1) the characteristics of the different loads 
of the same general class; and (2) the various general classes of 
loads which a central station system may be called upon to 



Fig. 39. — Graph showing diversity between power and lighting loads. 


serve. And, as will be shown later, it is, from an economic 
aspect, extremely fortunate that such is the case. In central- 
station parlance, the term “diversity” is used to signify 
diversity of demand — to imply that the maximum demands of 
the various consumers of the different classes and of the differ- 
ent circuit dement® in an energy-distribution ss^tem are not 
coincident. That is, their different maximum demands occur 
at diffeent tim^, and not . simultaneously. 

m 
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Also, the maximum demand imposed on a feeder is less than 
the sum of the maximum demands of the transformers fed 
from the feeder and the maximum demand on the generating 
station is less than the sum of the maximum demands of the 
feeders supplied from the station. 

68. A Graphic Illustration of Diversity of Demand is 
given in Fig. 40 which was constructed from data obtained 
from a study of diversity. * For the purpose of this study 82 
consumers were classed into 11 groups. The maximum de- 
mand of each of the 11 groups occurring during a certain year, 
was ascertained with maximum demand meters. The total 
area of each of the rectangles, 1 to 11, in the diagram, is pro- 
portional to the maximum demand of the corresponding group 
of consumers. Then the combined — or simultaneous — maxi- 
mum demand during the same year for all of the 82 consumers 
was found. The combined maximum demand for all of 
the 82 consumers was 9,770 kw. and it occurred about 5:00 p.m. 
in December. At the same hour at which this 9,770 kw. was 
imposed on the central station, the maximum demands of the 
different groups were proportional to the shaded areas in the 
small rectanges. It will be noted that consumers of certain 
classes — such as the brick yards, quarries, ice manufacturers 
and cement works — imposed practically no demand on the 
system at the time (5:00 p.m. in December) when the aggre- 
gate demand of all of the 82 consumers was a maximum— 
9,770 kw. 

69. The Importance of the Concept of Diversity of Demand 

can be appreciated if one considers the increase in generating 
and distributing— plant capacity that would be necessary if the 
maximum demands of all consumer occurred simultaneously. 
This matter of diversity is, therefore, of great economic signi- 
ficance. It is also of conoem to the engineer — ^because a de- 
signer should considsu^ it in planning his generating and sub- 
stations and his distribution plant. Diversity is an element in 
the determination of rates for electric service. If it were not 
for the fact that the combined maximum demand imposed on 

* Discussed by Samuel lasull la a |»ap«r 01* Svitot^’* 

ddivered before the Maanoe Forum of the New Torlc IT. %£. 0. A., oa April 
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an average cooinil niation in unnally ri>iisiii*'*nih!«* 5*-^^ ih:iii h/J? 
of the sum of the inaxiinnrn clmiuiml.Hof all ^4 ilw niijMiin.-i-;' 
the investment involved to provide elcH-frie mtui'i* h*- 

very inueh greater than that which in now rei|iiif ‘^'d. if d. 
were nocoBHary to thus iiHa’inse lie? iiive.^iiiieni, Hie itf 
service would havcj to he iiKU’ease*! iif*f’f»rdiiigly. 

70. The Diversity Factor of t Syileim may h*-^ d**fiiied* m 
^^tho ratio of tfm suin of the inaxiniuiii fiowor deitirimh of ihi* 
sub-division of any systern or parts of a yvslriii f«.i the 
mum demand of ilm wdiolo systom cir of purl eit thef hyntnu 
under conHideraiion ini^amired at ihri fMiiiil etf siif^ply. ' In 
other wordn, a diversity factor m th*? miio «.d the mm of llio 
individual maximum denmiaiH of a niiiiiht*r fd toadn tiiiriiiic ti 
specified period h) the simiiliaiieoiis iiiiixitiitiiii deiiiuiifl «if nil 
these same loads during the same periiMh If all «if lln* hm4^ 
in a group iinpom^ their maxiniiiiri ileiiiiiiidH iii the .wuiie 
then the diversity faeior of that group wil! he run? Cl I, 

Examflk.— C on»itl(»r*twii ceamiiner^ mth of m-hirii 
demand for 100 kw. The tfinu of tladr itidivhhiiil lonxiiioiiti dr'iimtid# 
would then be 200 kw., hut if a nmxurium *l«uiiari«j iii fisc curwit 

supplying these two coiiHurmtra iiidicatitil only 150 kw. ■ ■ iw ii ribi.lii if I lie 
individual cieriiiindi of ila? two cauwiimem «ii«l iitil mmf iil nmmm tlrn#* 
—the diversity factor iMitw-eoii ihi^e two eoiiaiiirinri thcti Iw 

200 kw. + 150 kw. « I.*TI. 

It follows then that: 
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(10) is in accord with the A. I. E. E. Standardization Rule, Sec. 60, 
hence, is utilized herein. 

Example. — In Fig. 41, the sum of the individual maximum demands 
of the six component loads, as observed from the maximum-demand 
meters, MiM^ etc., is: 612 -H 420 + 516 + 310 + 118 -f 625 = 2,601 
watts = 2.601 hw. The maximum demand of the whole group as in- 
dicated on the maximum-demand indicator Mr, is only 0.86 kw. because 
the maximum demands of the consumers did not all occur at the same 
time. Then: 


_ ^ sum of ind. max. dem. 2.601 

Diversity factor = -- — ^ — == - 

max. dem. of entire group 0.86 


3.02. 


Therefore, the diversity factor between the six consumers of Fig. 41 and 
the supply main AB is 3.02. 



Su/r} of Maximum Demands • SfZ i-42drSt6*J/0t//Sr6ZS“Z60/ Wcfff<5*2jS0/Kw. 


Dfxersity Factor 


Sum of Indiv/dua/ Max/murn Demands of Components 2,60! 
Maximum Demand of Wdofe Group 0.86 


Fig. 41. — Illustrating the meaning and computation of diversity factor. 


Example. — The maximum demand of the power load A (Fig. 39), 
during the typical 24-hr. period shown, is 290 kw. The maximum 
demand of the lighting load B, is about the same, or 270 kw. But the 
maximum demand of the combined loads is, as shown at C, about 420 
kw. What is the diversity factor for these loads? Solution. — Sub- 
stitute in equation (10) : div. fac. « (sum of ind, max, dem.) 4- (max, 
dem, of erdire group) «= (290 + 270) -f- 420 == 560 4* 420 « 1.33. Hence, 
the diversity factor in this case is 1.33. 

Illusteatitb Example. — In Fig. 42 is diagrammed an imaginary 
case whme four oonsumers 1, 2, 3, and 4 are supplied with electric 
service from the primary main AB through four transformers. The load 
graph for each of these four consumers is shown in Fig. 43, from which it 
Is evident that their maximum demands are respectively 375, 425, 450 
and 400 kw.; the maxiinum-demand indicators Mi, M^j M$ and Mi would 
respectivd^ indicate thme individual maximum demands. 
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Frorn Fig. 44, in which are graphically added the graphs of 1, 2, 3 
and 4, it is evident that, because of the diversity between the individual 
demands, the maximum demand of the entire group is only 650 kw. 
If a maximum-demand indicator, Mg (Fig. 42), were inserted in the pri- 
mary main it would, for the period under consideration, read 650 kw. 
It follows then that the diversity factor between these four consumers 
would from equation (10) be: 


„ ^ sum of %nd. max, dem, 

Div. fac. = r 7 r 

max. dem. of entire group 


37 5 + 425 + 450 + 400 
650 


2.54. 


Note that while the transformers to serve the four loads shown 
would have to be about of the capacities indicated in Fig. 42 to prevent 
overloading, the group of consumers would impose a maximum demand 
of only G50 kw. of the source of energy. 



71. To Determine Diversity Factors it is necessary to take 
readings of the maximum demands on the different components 
of the systems under consideration. For most accurate re- 
sults it is necessary to use maximum-demand indicators, 
which usually means that the service conductors of each con- 
sumer involved in the study must be equipped with a maxi- 
mum-demand meter. Frequently maximum-demand meters 
are used on the consumers service in studies of this sort. 
Then, to obtain the equivalent watts demand, the maximum 
ampere demand imposed is multiplied by the normal voltage 
of the circuit, it being assumed that this voltage remains 
constant. H. B. Gear of the Chicago Edison Company has 
made important studies of diversity, some of which are out- 
lined in detail in his book Elbcteio Cbktbal Statiok* 
Systems. Most of the demand-factor valu^ recited herein 
are based on his observations. 
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72. There May be Several Different Diversitf Factors 
Applying to the Components of a Gene-ration and Distfibiitioii 

System as illuHirated in Fig. do and in 1 aldn #''F 1 t 

may be a factor indicating: 

1. The diverBity among iho dmrinipFi nl tiii* fliff-rr-f^-nl 
consumers. 
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73. Diversity-factor Values Are in a Measure Determined 
by Local Conditions. — The characteristics and habits of the 
people in a community will affect the values of the diversity 
factors applying to it. For a rural city the diversity factors 
will be somewhat different from those for a metropolis. The 
factors for a Southern town will be somewhat different from 
those for one in the North. Where the power load prepon- 
derates over the lighting, the overall diversity factor will bo 
different from that where the opposite condition holds. Fur- 
thermore, the values of the diversity factors between certain 
of the components of a system may be determined in a meas- 
ure by the layout of the system itself, as explained in a follow- 
ing paragraph under residence-lighting transformers. Hence, 
it is obvious that it is practically impossible to predict with 
accuracy the diversity factor that will apply for a given set 
of conditions unless one is already familiar with the diversity 
factor which has been ascertained by observation and test for 
like conditions. However, the factors which are suggested 
below and given in Table 75 are, probably, fairly typical. 
They may ordinarily be used without great error in estimating 
situations similar to those to which they apply specifically. 

74. The Diversity of Demand Between Residence-light- 

ing Consumers is usually, where a dozen or so consumers are 
involved, represented by a factor of about 3.4. In one block 
in Chicago, which was supplied by a single transformer and 
in which there were 34 consumers it was found*^ that the sum 
of the consumer's maximum demands was 12 kw., while the 
maximum demand of the group was 3.6 kw. This gave a 
diversity factor of : 12 3.6 = 3.33. In another block, where 

there were 185 consumers, the total of the individual con- 
sumers^ maximum demands was 68 kw. The maximum de- 
mand imposed on the transformer serving the block was 20 
kw. Hence, the diversity among these consumers was: 
68 - 5 - 20 « 3.40. The factor indicating the diversity be- 
tween the demands of residence consumers is quite large be- 
cause a residence may be drawing a considerable load on© 
evening and none at all the next. Furthermore, if one 

•H. B. a©». 
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residence in a group, possildy hwiutw of some wocial fui 
is imposing a rclutivolj' large demaiui, cither 
same group, may, bcc^ausc of the winie oeensifisj ^ •fcakt 

little power. For these rensonH thc-i diveersity fa^ctor i 
residences is much greater than that mn.»ng Korieral 
consumers. See also the values given in lig. 4.'* itrici 'Ta 
76. Diversity Factors for a Central-atatiorji I>istri 
System. — These data* are Imsed on i»hs<‘rvaf4oiis mi 
Chicago. (The reference letters A, H, th 

column refer to Fig. 4.'5.) 


Element i>f «ibfcrlbutbii Byntrm 




i H&hUm : 


A Among mriinmara.. B.M j 


B Among traniformern. . . . 


I *^4 


! I . 3S 


C Among teleri.. 


.1 IJfi 


D Among iub^^ations. 


B Conmimar- to tmntfor mitf .. . . ‘ S . M 


F Coniiimer to * . * . , . 


If Oonoimar to gintmter , 


I * 

I . lO 


t *4-4 






MriKii^irr am* htvHHSitv FAvruh 


iiiMii! Iff L'l. tim ffirifir in thin largi^ in Imnmm 

i*filiiisit*rri:il «it=’partiin^lii niown im iliniiifirr^ 

fiififtt Ilf lliii linlii in tlifi fiflnrnnnrt nr narly in tlici i 
iiiK, nlijrr r^mrvrm, fur imiiiii|ili!j itni! t:mmi nf 

light ill lli*^ nvf*iiiiiicn. Bifie Fi^, 10 lalikj 7fh 


nr flwrilmtinti Bynumm^ tm riij 

i!y liy iiri tmtim nf frniti I .*10 tn 1 .1.1. 

T nf piiifiJl trmmtmumtn iiri! In wirvii ii 

Ilf a fi*m^ liirp* cinifft^ itn! rrniilUng Oivrmi 
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the load, as at /, the divermty factor hc‘tw«!ii i«: 2ii I'h , 

^ 6 kw. * 3.33. 

Assume that these 20 customers are to he WTved l»y firily tmn itmm* '| 

formers each feeding 10 consumers a« at //. Aim fiiimime flirif !l»«’ 
same diversity factor, 3.33, would obtain hcitwiwm mimiinew. f|if« 

maximum demand imposed l>y transformers h Aiirl it w#iiili| i^firb hr: 

10 kw. -r 3.33 « 3 kw. The sum of their miixiiiiiifii tlfniiiiitfls H'otild 
be: 3 4“ 3 “ 6 kw. Hence, the diversity fitcior imri 

transformers would bo: 6 kw. ”f» 6 km. liM'l. Tlie-w tmuUnmm 
obviously, imaginary but the example indieates tiow tlivmmtf m t|«*irr» 
mined to some extent by tha arrangemeril iiinl rii|i&rilirii tif tli«^ roisi* 
ponent equipment. 

Note that in the exanjple just given, tliii ftetinorriy in tfmmlmitm" ’ • 

capacity resulting from the grouping of a large tmmlmt of 

consumers on one transformer. In Case / twenty l*kw\ triiiRforiTitfru 
are required while in Caifo //, two 3-kw. irmmftmmm w4ll liainlli? Ilif’ fij 

load. 

The average diveraity fador among roaitjenco-lighting tmna- 
formers in a number of Minneuola ia I.IK).* 'Uiw 

rather high value is attributed to the fact that probably an ; 

unnecessary largo numlM;r of small trsnsfomiora worn 

Note.— I f tho sum of the individual roaxiintim damaniU «f a aroup 
of transformers be divided by the diversity factor among tranaformw#, 
for the condition under consideration, the rNMlting value will 1* il*» 
maximum demand which the group impoew on the feedw or line iiwfvtn* * 

it. The example which follow illiiatrate this propomtion. 

78. To Determine the Maxliaum Deaaod Tbit WUI be 
Imposed on Any Transformer, Feeder or State, when thn * 




i/iri'.'ifA’irr am^ liivKUsirv FArruH^ 
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ItmiMmum afi*i ibmii r«iiiptrir4 hml 
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But aiiico thcri! m a div*;niily Iwilwri'ii fix- li' u. >’< 
residuncc-lightins IoiuIh, fh« uiiuiiniim dmitsiini !.v 

loads on tho tranafoniior whirh mitvi-m thnin would 1“-: 






.1 


Max. dem. of rntirr. group 


nuM of M. mo-t. drm, 
tlipmiU^ forint 


II hVt 


f- 2 !*2 
I 1^. ^ 

1*1 


Hence, the estiniatad inaJiimimi ilemiiwl Impmmi mi Utimfmmrt Xc^, i 
would be :i.lb kvii, (edumri 11} imd nhvmmly ii 
tmnBfonner would be of aiiiple cnpiieity tn hiitidle llii« hmi ot 

^'Bimultaneous Maximum l>mnmuW* given in roliiinii III «4 ^ 

were computed by a proem similar to that nhmm rmi lined.. 

To obtain tins maxinuim clemaritl on I Ip l.mriLaE- 

former, the iiim of the individual maxlrnufii dmtmmh «»f all of ftis- 
tributing transformers .(eobirnii ft, of Table C*| Ip |.<y t.liLe 

diversity factor between the^ immimtmm tii« Cl*al>le 

B) thus: 
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Wfilli i,?i iiitlkiilril lit- farli hnilflirig. If it in Im 'it-iHi} cijii- 

nnmrm w'iili tkrm triiii?if»irriii'.rH, 4, F and wiiiiil fibmild llii? rf4|iiii;itii'ji 

ui I?*? arid wliai ^vdl hn thf? 

ifii lJi«* firiiiutry iiiiiiii at iFi It will !«*? ilmi I In* tHsumum^rn <i*'« 

ifiiiiid fipdor in CI.rifl, tlifii lli«! divftrniiy ntnijiig ihrmi iii 

:iiid liifil llmdivrrnity iwtm ffiirti4fr»rriiprti in I.M. . 
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Note.— To Utilize the Pkinc'ifle of DiviaiHiiT or 
Between Lighting Conhumekh Muht ErrKfTivLLv, lii.il 
a maximum diversity factor, there shouhl nsiiiilly be a iiuiiiigiol of 
8 to 12 consumers served from each dialriliuting irutmlufumt. 

78A. The Diversity of the Demands Among Feedtrs up- 

pears to range in the neigliborhood of iilxiiit LIT# in ii m’ldl- 
designed system. In other words, tlie mmtmmm 
on feeders imiially occur almost simiiltimooiiHly, 

Example.— If a generating station scarves two mm nl m'liirli 

imposes a maximum demand of OJK) kw. mid tlii! otiicr ii mmimmu dr« 
mand of 485 kw., what will lie tlie itmxiimnu fbi* imu 

will impose on the station, it heiiig imnuu%i lli&l tlit? iliviTWty fartisi f«r 
those feeders is L15. Bolution.— 


Max, (km. of entire group 


mm of imi, mm., dmn 
dimrmlg fafim 
CI5I) 4 4115 
IJ5 


Therefore, the maximum diirriand which ihmt Iwii rn'twhl 

impose on tlie station would lie 08B kw. 

79. There Is a Diversity Among the DemffitdB <rf Differeat 
Sub-statioas whore such fonti a part of a dwtribution ay«l«!m. 
The value of the factor represejuting this diversity will ob- 
viously be determined by the characteriatii* of the torrilory 
served by the sub-station. If one sub-statioti mirvw a n»fi- 


neighborhood of l.OO. 

80. The Total Diversity Factor for a System is etpisl t« t 
product of ae diversity factom of all df the eomponenl* df t 
system. 


Sec, 4] DIVERSITY AND DIVERSITY FACTORS 
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5.53 is the total diversity factor (note this value in the second column of 
Table 75) by which the sum of the individual maximum demands of light- 
ing consumers should be multiplied to obtain the maximum demand that 
would probably be imposed by them on the generating equipment. 
The total diversity factor in the Chicago system for the lighting and 
power load, but not including electric railways, is 3.2 during the winter 
months.* 

81. To Determine the Kilowatt Station Capacity Required 
per 100 Kw. Connected Loads. — Divide the consumer's demand 
factor expressed as a percentage by the total diversity factor. 

Example. — If the total diversity factor for a residence-lighting load 
is 5.53 (see above paragraph) and the demand factor is 75 per cent., 
what kilowatt station capacity will be required per 100 kw. of lighting 
load? Solution. — 75 5.53 = 13.6. Hence, about 13.6-kw. station 
capacity would be required, under these conditions, per 100 kw. con- 
nected residence-lighting load. 

Note. — By the above outlined process it can be shown that, for com- 
mercial-Kghting loads, about 37-kw. station capacity is necessary per 
100 kw. connected and for general power loads about 40 kw. per 100 kw. 
connected. In Minneapohst (population 325,000) the ratio of the maxi- 
mum demand imposed on the station to the total connected load is 
approximately 1 to 3, that is, 33-kw. station capacity per 100 kw. con- 
nected load. ♦ 

82. One Hundred Per Cent. Minus the Reciprocal of the 
Diversity Factor in Per Cent. Gives the Percentage of Appara- 
tus Which May Be Eliminated by Grouping Consumers for 
Elements of a System Oi^o One Supply Source. — The follow- 
ing examples amplify this statement: 

Example. — Consider three individual loads having maximum demands 
of 100, 300, 200 and 600 kw. respectively. If each of these loads was to 
be s^ved by a separate transformer or station the aggregate apparatus 
capacity required would be: 100 + 300 + 200 + 600 = 1,200 Jew, 
However, assume that the diversity factor between these loads is 3.00. 
Then the maximum demand of the group would be only: 1,200 3.0 =» 

400 kw. and 400 kw. of equipment would serve the combined loads. The 
saving in required apparatus would then be: 1,200 — 400 *= 800 Jew. 
That is, the saving would be : 800 1,200 » 66.7 per cent Now also 

the redprocal of the diversity factor in this case is: 1 - 5 - 3 *=» 0.333 = 
33,3 p&r cent. Aad 100 per cent. — 33.3 per cent « 66.7 per cent, which 
% verite the proportion heading this paragraph. 

* n. B, G«ar, 

t W. T. 
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Example. — The yearly liiverKily * liflwccn tin- luasiiii'im , ! 

lighting-and-power and eliHjlrip-strei't-junl cli'v jit« ii-ra<lA .»> i i':. m 
Chicago for lOU ami 11)12 iMTiuits, l»y n.nihiiiioH t!.'- i- ii« ti’n (-• i ! » 

ratus, a saving in iippnnitUH of S.l |ht cont. lin ii flu- r> "i 

diversity factor would l>o IfK) ;«t ant. ~ H.l ]»t m,!. p! ') / .< i.; , 

that is 0.919. Tlic diversity factor would tlum he I : 1 <f>- 

83. The Importance of Diversity as a Factor in Plunf 
Design can readily ho apprecialoii fniia n i .it i<<it >.f 

the preceding infornmtion. A rli.Hf riludinK •'» l'<l, 
plant must be designed largely on ihc! b.usis «t| il,«- 
demand that will l)e impostsd on it. 'rherefuii*, ii t! <■ d> (jok i 
of a new installation is familiar with the dn. im f;,< 
that are liable to oldain for tbo eondilions !m<h i wbirh Ju-. 
system will or»eralo ho can renilily deteiioits*! lb*- 
capacities for the mcml>crs of the syst em by spplvioc 'id able 
demand and diversity values. As hereinbi'foie d. 

diversity of dernami is of iin]«irlanie in tbu ehlaldisbio* nt *»f 
rates for central-station service. It is a fart that in lo.'iny 
cases the capacity of a genoratitig stulion, hfm*-, lh«< invi **! 
mont, is largely detonnined i>y tiio jaiak lighting l««i4 in ibn 
evening. The station apparatins must bo birgc vimngli i<<» 
handle this lighting load. However, «hiring tlw day n rots- 
siderable portion of tho station wpiipmeiit rwpiiriMl to siovo 
this lighting load is utilizof! for supply ing the js*w« r l«*nd, 
Obviously, if tho maximum demiuulK of tho ijowi r and ligiiting 
loads were coinciilont the station enjiaeily and iioctfioeiil 
would have to l>e much greater tlian i« now actually nccewnuy. 

NoT».“~C0iMlcleririg tit© iiiuatiiiii Iti lltw llgliti tlm t^iirr^y <!#»*« 
plied for power diirbg the day tliiit m »f tl»# m l^y 

prodtiel sod e&ti^ \m «>id t emfmp$n4kmtf 

can eo«r©r for llglitlfig mtvim. 


• Samwl Insiill la Ih# Bfmmmu 


SECTION 5 


LOAD FACTOR, PLANT FACTOR AND CONNECTED- 
LOAD FACTOR 


84. The Load Factor of a Machine, Plant or System is ’ 
^Hhe ratio of the average 'power to the maximum power during 
a certain period of time. The average power is taken over a 
certain period of time such as a day, a month or a year and 
the maximum power is taken as the average over a short 
interval of the maximum load within that period. In each 
case, the interval of maximum load and the period over which 
the average power is taken should be definitely specified, 
such as ^half-hour monthly^ load factor. The proper interval 
and period are usually dependent upon local conditions and 
upon the purpose for which the load factor is to be used.^' 
86. Load Factors Are Expressed as Percentages. — ^The 
^'average power’^ may be either that generated or consumed, 
depending on whether the equipment under consideration is, 
respectively (1) generating or delivering, or (2) receiving or 
consuming equipment. The ‘‘maximum power averaged over 
a short intervaP' is the maximum demand. 


NoTB.—The term ^‘half-hour monthly load factor” used in Art. 84 
means that the maximum demand is based on a half-hour time interval 
and the power load is averaged over a month. 

86. The Formulas for Load Factor may (if the term maxi- 
mum demand , which is really implied, be substituted for 
“maximum power^^ in the definition in Art. 84) be written 
thus: 


(14) Load factor = - 

maxtmum demand 

(16) Average power = {load factor) X (maximum demand) 
(16) Maximum demand = 

load factor. 

** 4. L n. B. BinuiSi rerised June 28, 1916, Seo. 55. 
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Example.— la the central Mtatioii waving a refiiiiii -rjf)* i$l k/Mmi in- 
habitants the peak load or ^U)-miii.4nf.rrviil mimtimm fur f Jj»‘ 

year 1915 was 580 kw, and tfie a%a»ragi‘ pnwrr 23- k%%\ tibii! \%m lift* 
30-min., annual load findtir for fhiit yimr? iu 

the above formula (14) Imd « imrrrH^e- immrr) -i ’wsrir-iwu^ffi 

demand) « 232 -i- 580 0,40 40 pr rmi, fli#^ riil4oifi. fm. 

nual load factor for this atntion was 40 fM-^r refit . f**r the yeiir I !il5, 1 

48 and 40 sliow other exainplea. 





Ski*. !%AXT FAi'TUii AMt iH)S X Ki^TKtAA.O-A H FAi^THH Tfi 


(^f iliii gi!iir*mi luituri^ of ihni tiny Offiiipryfiii will htivi^ 

the miiKiiiiiiiii tioniiiiyi wliic'h it mii hiuidk cm it, 

(luring 111! of tlia HJflO hr. of li yoar. 

Blit tlic! m iiiilciiubcl or fully loiidud 

tliere arc ecrtiiiii fixed rhargim clc|ir(*c*iiitifmy fjixim, 

iomiriirieCj standby ami the like) which arc fidding U|i 

rcmtiruially. Thai in, fiay cr|uipimmi m coHliiig it« inviicr 
money miietficr it m iirodtic'ing ca idle. Xow during the hmtm 
that the f!C|iiipineiit in wii! or fully loafled it in eartiiiig iiiorri 
motley than it k sfauidiiig^ lieiici!, iieiH a profit. l1io iitoni 
nearly fully lofided it h the more money net it in fiiiriiing, 
lienee^ It follows from nii eeonomie «ianf!|>oini that it in ilti- 
gifiible to keep all iiciuipiiiimi m near fully loiided fia pintiitilii 
cliiririg all of the lioiira of itneh year’ that k, it is ditiiiralilii to 
obtain iiiici iiiiiifiiiiiri ii liigh load fiietor. Tfie griiplii of Figi, 
50 fiiicl 51,^ dkeiimiCHl in oilair iirtielm, iiltiatriiBi this priiieiphi* 

KxAiyirni:.'-«lf & hm irnia^d on it mm^Ay ilm ittiti# fiowtr 

IciimI cinring all cif llte lir. of a year, then obviously lliti aviirage 
fMiwer loftil li to llie iiiaxifnafit difriiafiil anil llion ilie artttiial iiiati 
hector fra* llial yitiyr woiilii l»i$ lOfI im reel* 

ExAiiirw,"-«'lf m iiifteltifie liaa iiii|a^l on ii kw* lialf of the litti# 
anil fio loiiil at all llni oilier liiilf of Ihii lioie, thiin lliti averagt litml will 
lie MM kw» Itie inaxiiiiiirti loail la lilMMI kw, lliin«7% lli#i load ImUirm 
MM 4* l/MMI » 0,50 « ill imr emL A loaii tmUw of IM lair wnl. ihiiit 
iifiplw lliat IIks to wliieli it rtktea k priMliinini to III© imleiit 

of oiiif tiiilf of il« ayilly* 

lii olivioiia llial m imi Jmiim ilm o/ 

tim mtM0 iinm wkkk f^qmpmmni U it liftini awiinieil lliat llte #r|tii|»- 
, iiiorit k i«il e«pat#l« of hatnllini tlit maxinitiin ilernaiifl. lst«rl4aelof 

I valii« are tiiiMh pmmipdlff l« flateritilii© lb© av«f mie imwer (or irifliftetly 

I ©fiiirgy ixpiifiltisr©) of a« iiiiliiliali^ wlitti llw itiaxlttitini il©fitttitd i« 

I t« oblaitt tli« ftiailfiiaffl dtrnandl wlwn llit poww m 

(; anwiy m^mmiptlm to kowift. 

Tht Mttmt #f !• to fa- 

I ermm Fictof alinoil ia diiwt profiorlioa to tliii 

of dlftrritf fMtof* Thaip M* B. Qmf stetwi tlat| in 
tilt load factor ©f r^tltact watwiaiwi iaiiiviilually it ©nly 
7 pr cirit.,, whit ia fiw.p ii to- about M pr e#tiL Th© g roii|i 
; f^tor of w«iiiirtlri4%litiag waitiiatw ii alMitit IS |»r 

«fti lyiil tor «iw toi abewt 17 |»r teat* Ho#* 
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ever, when these throe claasas of «-oiisuiii<‘i,-; are euiahaw.l, (!»• 
load factor of the load which they iiiipoH: on th.! ^ilasiun is 

about 35 per cent. duriuK the winter nionllis, 

89. The Effect of Load Factor on Central-station Rates is 
a feature that should ho underslood. Ah the load factor de- 
creases, the cost of supplying enw-gy iiiuhI nccfrsanly incu H^e. 


krirm: 


t ■* - ' ^ 


pprr.mf 

Fic), 50 »”-*Craph illuiiriitiiiig tli® In fti«i rlmig#* |iw 

hemr ai th« kmd »» lilniit n% IW km* iii.«iiilii#iiti» 

load coiting $10,CMM) witli ftEitdi idiiiriw nl 13 |itpf rmi.) 


tdn “off-peak” hours the etiuipment may to relatively idle. 
Therefore, when “off-peak” loads can to obtained, they ate 
somewhat in the nature of a by-product. But they l«nd to 
increase the total load factor of th® systom and ttoroby do- 
crease the average cost per unit of energy. Iloncw, It k Iwuifi* 
dial to aU for toe utility eompany to seek and acmpt Mich loaila 



at ] 
cha 
or 1 









Fio. 51. — Graph (H. G. Stott) showing how' the cost of generating energy 
increases as the load factor decreases. Graphs show only operating and 
maintenance costs. 

The following examples illustrate the application of these graphs: Consider a 
generating plant operating several units at an annual load factor of 30 per cent, and 
making energy for 5 mills per kwh. What would be the cost per kwh. on a 60 per cent, 
load factor basis? liefer to graph 0^, then on the basis of Mr. Stott’s experience: 
Eelative cost per kwh. at 30 per cent, load factor *■ 1.35 relative cost per kwh. at 
60 jper cent, load factor « 1.13. Then, the expected cost at 60 per cent, load factor •« 
(1.13 1.36) X 6 = 4.2 mills per kwh. 

Now to illustrate the application of graphs A,B otC which may be used for estimating 
costs on the basis of the peak or maximum power load: Consider the same plant of 
the above exanmle: the total annual cost per kwh. of operating the plant at 30 per cent, 
load factor is: 87w hr. X 5 mills «* $43.^. But the annual cost per peak or maximum 
kWf per year » S4S.S0 X 0.30 »» $13.14. Now referring to graph C:Relative cost per 
max. kw. per year at 30 per cent, load factor » 4.06. And, relative cost per max. kw, 
hr. per year at 60 per cent, load factor » 6.82. Then, the expected cost per kw. max. 
bo^ per year at W per cent, load factor » (6.82 + 4.06) X $13.14 — $22.10. 

While the graphs were used in the above examples, dther the or 
grapns may be utilised m the same manner for conditions which Justify their appEoation. 

Note. — ^Mxed clmrges vary inversely as the load factor (see example 
relating to Kg. 50). Opiating cost* (Fig, 51) varies inversely about as 
the fourth root of the hmd factor. 

• H. G. Stott. 
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90. The Period Over Which a Load Factor Should be Reck- 
oned will bo determined by the circuinstaiiccB of tiie eim% 
Where an ordinary load to be supplied l>y a cciitnil fit 4 iiiciri in 
involved, it is usual to consiilcr only an anniial or H, 7 b()-}ir. 
load factor — which is discussed in detail in anotiuir ftrtic’If!. 
Where no period is specified, an annual load factor is iifaiiilly 
assumed. Since no-load costs in an electric gerienitiiig stiitioii 
during any month or week are determined largely by tfio 
load expected during the month or week/ it is eviiiiait fJiat 
load factors for a shorter period than a year should \m iiwiHi m 
a basis of power-plant-cost comparisons. Possiidy llici 

age daily— or weokly^ — ^load factor provides the liest viilim for 
such comparisons. 

91. To Compute the Average Power or the Entro' Con- 
sumption Over a Given Period of Time the following foriiiii!i« 

may be used. To calculate average |>owar: IHmh ih€ kikh 
watt-hours energy expended during the pmml by the numlm o/ 
hours in the period: the result will be the mer'Oge po'mff in kik^ 
watts, during the period. That is: 

. kuK-hr, expended during perkd 

m. o} hr. m pmm 

and, 

(18) no. of hr. in period - during pmmi 

average power 

also, 

(19) kw.-hr. expd. dur. period - («». power) X (no. kr.inpmod). 

£!xAuri<B. — Reffflr to i*1g. 52. What wm the avetage load w» Cbfiw* 
ator Oi wWoh opwated 5,646 hr. during a year and devebped ia9,l»W 
kw.-hr. enwgy? SotonoM.— Subilitute in equation {!7): vie. pomm 
“ (kw.-hr. expended during period) (no. (tf hr. in |iertW) • IM.Wrf) 
4 - 6,646 24 kw. 

BxABm,B.— likewiae, the averai^ load on Oenwrator Gt wm; im,mm 
he.-hr. + 7,800 hr. ••20 kw. 

Exahdpus. — W hat wm the avcwsge load te the ymr m »he pswratlng 
staMwi diii«raoimid in Mg. 62, wWch, m indteated by watt-bittr BMHar 
W $, mppiied ^£»0 kw.-hr. energy during tM Of S,7W to. 7 

Solution.— Subetitutbg in equation ( 17 ); A», power « {lw.4r. es« 


*0. LMMidM. 




iRectcfs 133,080 A'lvA. 
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pended during period) (no. of hr. in jxrwdj 'iHSJ.ftsfi : H.Ti.Ci 
33 kw, •= average annual load. 

Example.— T he watt-hour meter totaling the energy j*ti|»|diri! to « 
certain industrial plant (Fig. 53) indicated dtiriiig a eertaiii yrnt nn 
annual consumption of Hir,:f02 k«-.-hr. What wa« tim iivoran.- lo.-ol n..- 
posocl by this plant duriuK this year? HonuTioN, H.il.NSit tit mu m wpia- 

tion (17): Av. poiver (kwAr. rxpmdnl durimj prmd\ : imh o/ hr. 
in period) - 107,302 8,700 19.1 kw, Tlmi i«, tlie iivmtgr lymufil 
load imposed was 19.1 kw. Also nee Fig. 5-1, f«ir iiiic#th«*r eiaiiiple. 

92. To Determine the Average Power From a Load Cprvej 
either the graphic moilicHl illuBtrated in I*ig. and in tlift 
following cxiunple or that involving ilio use of a |diifiiii'iot*T 
(Figs. 56, 57, 58 and 59) deserihecl liidnw iiiiiy Im «sc?«i 11ii! 
general procedure i.s rpiite Biiiiilar to that lined in filitiiiiiing tfiis 
mean effective pressure from a sleain^Biigiiie diiigriirri. 


Hifawatf Lmtf A at tmhHmir-- ■ , 

n ^ ^ ^ ^ «n s ^ 


mi mrwkf. 




. 




Hi:c\ SI i^LAKT FAf'TOii AXD COS S Ki^TFJi4JK\ h /'.irfo// HI 

Tire riiiftibiir cif tiiiie iiilerviiln info whic'h tlie fiiite 

bIioiiIiI liti fli'vifleil m cli‘t,f?riinnf»f| by the eoiifour of tJii! r^ntpli 
aiifl by itie iif»grei! of mmimvy cU^Bired. Ifi t.lii» grviiip,r 

ilie iiiiniber of iiiterviib tiikeii thr* more will bf^ fJie 

rctsiilL llowiwmr^ %vliert* ilia <‘oiiiour of the griipli i?i cfOiti! 
regiihir aiifl ii roiii|ireli-ejiilH 21 hr. of iiuH!, an in big. tin? 
reHiili will iiKiiiilly lie Ktiffirktofly lire.iirafif for praetirii.! ivork 
if 1-lir. iiit-orviilK lire iiHBiiiiifnl. It in hoIiIooi upppmary in tiHii 
iiiterviilH Biiittllifr iiiiin hiilf im lioiir on a griiph i“fiiii|n'elif!fi4ing 
II 24-lir. Wlir*ii the eontour of ihi! griifth h 

irregiilfir mid eciini'irebernb a nhori |i«*.riocl of iiine, ii miiy Imi 
dcairiililo, ici iiwiire i^iifliiniailly ariairata reBiiIiH, io iitia iri-rriin., 


Kxamflk.' Wliiil i« tliif fKiww fur the hmA griifili nhtm-u in 

Fig, SS? tint nm%m Cwliieh m iiti inmicitiiiry m 

rifgiilar* ili*! iiiointifitiiry frmvnr e?«|M?nfiiljirrii witm tiilcrii mi ilw enri 
cif imcli interval. Tln^s imi j^mm atinvii the grii|»lo 2r>, *Jil, 211 
kw,, ute. Tli« Sinn of nil of iinifrienliiry thrmmk k Wd k%%\ Miiiri! 
th« grafili wm iliviilfeil Into 24 iiilnrvak, rnmnsgn hmi •» Hit! i- 21 
33.4 kwn 

,WamM i.mi4 iftmaif 
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the graph in inchre. The quolunl thm nhltatud mil be the 
average height or length or oriHnutc of the graph, in inchoM. 
Then find by sailing along the ordmUc niis of the graph tlm 
kilowatt equivalent of this average hiight. This kihmdt eqmvn- 
lenl mil he the average power m kiluwfUts. 

If the pliininietcr wliieh is Is^iriK nscxi is not suflirionlly 
to indicate the area of lire grapli tuider ronsidenilion in oiw 
sweep, divide the total area, with vertic-al i«>nc-il lines, into 
three or four sections, wlii<’h nejsl not I«! e<nial; find the area 



Flo. 67.— Exaitiplo of tJiB (luterininutiim «f ttvofagp I«.a4 w»iwit « 

of each section anti then atld all of thtsw i»arlial arerna ti^tlier 
to obtain the total area. Dotailtal tiiiwtiona for using planim- 
eters accompany each inatnimeiit or may Iw found in l>ooka 
on steam-engine or indicator practice. 


1 



Srx:. 51 F%ANT FAcrn’Mi ANi> (^(mNFFTFlNJiA FAi^TftH K:I 

piwcr »572 kw. as hy Op whiHi has drawn in fni 

til© ilic»cit. ¥mtbitruH-m% flift <^ni^rgy n^priwaifnrl l>y tin* firm 

within til© gfapli m: 572 kw. X 2-1 hr. i:i,T2H kw.- hr. 

If it wiwe krifiwii at tlieiftart tlnifc ilii^ hy tint nhailnfl 

within t.li« grii|>h wnn kiv.-hr., tin* |»roi‘i»fiiiri* la lU^lprtiihi^^ 

tli©»¥f!riig/i pcm’i’f iiiiglit linv^hnnn thtm: V4,72H kw.-kr. 2-1 hr, - 
572 kw,4ir, whiidi Iji the ii'viirng© priwi'r t»r h»it«L 

96. To Determine the Average Power From a Ix)ad Graph 
With an AmsIer-TjTpe Polar Planimeter (l- ign. 5 k ami 5{»} f.fjo 
prof-ess 18 «iiriplf,*r than f Jiiif. jn8(. ih'Hfrilioii liirjiiiw, with thia 
iuHtrument, it irt HimecftHHury to Kraln Itn: Iciigih icproHent- 
ing tiinfi — of tli« gra|»l». Ity iwiftirming a Ktitipln 8til»f metiori 
and diviaion tho avcwagit h«>ig}it (\v!ui;l» in jwiijwwtioiml to tliii 
average IKJwer) of tho grapli may \>f «»l»tairH;d diroidJy iih 
outlirmd utidur Fig. 5!K 

96. To Determine the Maximum-demand valm? for nw? in 
computing a lt»ad faetor, tins sntwt (ioMiriitdo ami afauiratci 
mothoii is to u«ii tho rending of a mnxiiniiin-donmnd tnoti^r 
whore such i« available, Whoro load gra{di8 am available, 
the maximum dcmuiifl can las rewlity tnkon frotn thittn. 'riws 
record of a graphic wattmeter w iiwifii! in thiH connoftion, 
A lcm<! graph may Im plotlial from tho roatlinga, takmi at 
©quwiiatant time intervals, of an indioating amiimtor or watt- 
meter and the inaxirrtum demand may ihon Imi natawtaimNi 
from the graph thiii plotted. Tho examplos Imrein mcitwl 
iliuatrato the ptnorid mothoda. Where tin* ilotnand fa«*tor 
*pply***g a eoiinoctod huid of a certain eharacter i« known, 
the maximum tiemand can then ho obtainial by multiplying 
tibe TOnnected load In kllowatte hy tho dornatnl factor; tho 
i«ult will i>e the maximum ciemand in kibwntta, l1(o defini- 
tion of conneeter! loail ia given l«;low. Tiio following ei ptatioiia 
indicate how thb proc«*s may la* uliliaoil in imlving load-factor 
proUenM. 

maxitRam dofuand nf nn enorgy-owtiviox ioRiatfaifoi) in 
mamtimmif wMiutiwd m etiiuil to the c«»nn«rtr»l lund. %\ hile 

thin MNimuaion awy »p|>ruxiaHit« llio faet* ia ecHaia iwdaU'd {natnow*)*, 
aiich m ioidom tho mm. The value uhtained hy dividittg oo-ror?*? Imu} 
by mHmett.4 imd dow iwit give "limd fiwtor” but give* “comufctiwbloiiil 
faetor” as explaiiMat in a rbJowing wrtiete. 
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Fro. 58, — pt>Iar Wnm nmnl hi fnm*nrkm 

within a hmrl gr»pti. 



# 10 . 59.-— Miitftwi erf mtUnM m llmi ll itil lli# mrnmm t»f 

hdghi of p^apli. 


Tl«i filatiln»|«r In li#M tiffin flown anfl f* sr*4 Mt m mtimM *1#*^ 4^* 

taa«s t^twpiia tbniii h otaol-iy ti|iiiil m ltb« t* e 4 %m»h, I lt*i« ♦# 'V* m 

ftiai tiio pimmmm In %h» wiw. »i#. If lm%m4 «€ 

lb# awii, tliff fiiettii b^bt of lb# $^mh m^f In® 

wiib 011# ifijtk# »f iiwtfiiifOTOi* fli# 4ln»ro»«t *»'** m% lfc» **4 

»t tile ttjij <tf il|« «#p#r*il#io bjr Of will ifc# m 

lii«ti«* Ksitftiplii 4,^1 imm imnim^. ♦.?»*! « i 

0.4fi4 + 0.4 i» Lli irMii If li^^l ©f ito ii^i* & Im^. 
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97. The Equation for Computing Load-factor Problems on 
the Basis of Demand Factor and Connected Load Where 
Only One Load is Under Consideration follmv from tin; f.ict 
di.soloHOii in wjuation (Hj Dmi : Mttsiiniuii ih iintrul ciniin rti d 
hind X demanil Jarlttr. Suli.Hfit.ut.it»g thin ospn-HMioti, wliii-h in 
taken from Art. fi.'i, in foiiiiiila fi ll it folUnvM that: 


(21 »| 
f2!j 
122 ) 


l.iHid Jacior 

jniwt r 

Item. Jar. 


fli\ piiWiT ilVffiUji' puivr-f 

mnr.dt m, OlriH, fnrtur) A Uimi) 

^ (mn, Itmij X ( IjHtfi fnriihr). 

imi'nijii pn'irrf 
(litml pirittr) A (mfh hnni) 


(2:i) 


(Unirirrirfi 


tmrmjr. pnWiT 
iilrm.Jiiflifr) K (Iwuljmiifr) 


a rr?rt..fiirt in *1.2 I«w« lii 

livmign iluriiig i\m ytmr {H,7iKI IjrJ 11117# wm 0..27 

k%v. If & dtiitifiiwl tif 41) |w?r Iih um tliis 

dmm »f w.!rvktt will bii ilm iiiiiiiiiil 

liiaii ftii.!tor for tliii In 

(2II|: ,/rfWl fmi^r «« (mh imm-’r) \i4mi, pie d X (emh Immt)] ih*Xl 
(0.19 X :i/i) 0.27 4- IM CIJ#2 ^ 17.2 pr rmh, wlikli m llin 

aiifiiiiil Infill fiicinr wiiklt umj lin ftir ilik nliim i#f 




98* If Several Differeiit Loads or a Grotip of Loads Am 
Daitr Coosideratioa ati«i tl'ioro k a diviimiiy iiitiniiic tlmir 
cinnianilii, a ilivctruily faetcir iiiiiy Im iiiio lliii 

fiirfritiliw. Il imti Im itiown limit (13)^ miviimt 

clifinroni Ififpln: Moj?, (hm, (mnnmimi kmd) X {da maud 
/cidor) -h (diWmilf /oi.’lor). 
fcir iiiaxiifitifii dciimiid iri oiitiiilioii (20) : 


( 24 ) 

m) 

m) 




(Immelsi fciad 


mh pmm 
mms, dim, 

(m, poi^tr) X (dimrmlij piehr)^ 
* toad) X (dmn* /rirtor) 

(m, pm&) K 

X {fknmmdpmtm} 




C«#t X (dimrmitf piikr) ^ 

'(l^d X imM) 


i 




SB f'KXTh'Ar, V 

iloiiil f<tr.) X (am.hwh X iilt m.fn 

(27) Av. poirrr ,lin nilyjwh,r 

{liHiil fin:.) X I'nifl) A iih m. . 

(28) iJivcmly factor - 


mill 







ir-'i Coz/Wc/t^/ |1 


I 


P:n-r., 


^^^’******' ^^ ^*1-6 


Cmmtmi 


Fia. 0O**™-Exaiiipte in mmi puling t«»4 »« itiii i»f r«iiifirrl#»4 Irmtl* 

dfuimnd fufliir ftnd dlvwily 

IkAMFLE.— What will \m the prubaWe tuiittil !iwl fiitl^r fFIg* Si) ti 
the lo«l iritmc«d at A by the five mmmimimtmg pkiiti rtiuim, if tlit 


loadi m 150 fw eaut . mtd the cli viiratly laitwi^fn lliiiiii k I J4 f Ifiittrritw 
Tli©. -total connciateti load m 2/i +■ ll.tl + %M + 4J. + Lf • li.fi km,. 
Than, iubitliiiting in ef-pEtteti (%i}t Imd « (m. p^mm} K 




X 0 J) - (%M ^ § J) « «• » pr i»«l* III© 

the load impc^^d at 4 k 30 per »fit. 
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in accordance with the method described in another paragraph, 
by multiplying together the corresponding values of columns 
A and S. It should be understood that while these values are 
'^representative/^ in that they are based on averages of ob- 
served data, it does not necessarily follow that the same values 
will be obtained under all conditions for the loads of the dif- 
ferent classes enumerated. However, they may, ordinarily, 
be safely used in estimating where precise values applying 
to the particular conditions under consideration are not avail- 
able. All of the following values are expressed in per cent. 
The load factors and the connected-load factors are on an 
annual (8,760-hr.) basis. 


Kind of business 

A 

Load 

factor 

B 

Demand 

factor 

C 

Connected- 
load factor 

Banks 

16 

67 

11 

Churches 

12 

56 

7 

Hotels 

24 

28 

7 

Houses 

8 

43 

3 

Ojfices (business) 

9 

64 

8 

Offices (professional) 

7 

64 

4 

Pool and billiards : . . . 

17 

65 

11 

Printers and engravers 

15 

59 

9 

Restaurants 

23 

1 52 

12 

Saloons 

21 

, 63 

13 

Shops (barber) 

12 

70 

8 

Shops (machine) 

9 

37 

3 

Shops (tailor) 

8 

1 59 

5 

Stables (livery) 

22 

! 52 

11 

Stores (book and stationery) .... 

12 

66 

8 

Stores (cigar) . 

17 

65 

11 

Stores (house furniture) 

8 

52 

4 

Stores (dry goods) i 

8 

77 

6 

Stores (drug) 

19 

79 

15 

Stores (furniture) 

6 

70 

4 

Stores (grocery) 

10 

73 

7 

Stores (hardware) 

11 

40 ' 

4 

Stores (jewelry) 

15 

64 

10 

Stores (shoe) 

10 

67 

8 

Stores (clothmg) .............. . 

T 

53 

4 
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Small hotels and rtmtiunR houses 

Laundries * • • * 

Theatres 

Warehouses 

Wholesale houstjs. 


Manufacturers . 

Hospitals 

Flats 


1 ^ 

j 

n 

1 irttimvi 
itlflitT 

f * 

i »' Ini' 


\ f»7 

IT 

JO 

m 

i 

17 

4ii 

H 

12 

41 


JO 

47 

!i 

10 

'1 ^ 

r,i 

.T 

7 

T,\ 

fli'l 

1 


100. Load Factors, Demand Factors and Connected-load 
Factors of “Large” Combined Power-and-light Consumers 
in Chicago. — ^'rhoso values aro averages of atiual tests.* 
Their use should bo subject to the realrii’f ions s|ss'jfied in the 
lieading of Table fl9. All of the following vaitiiw are espresMsi 
in per cent. The load factors and the conneetial-load fatdors 
aro on an annual (H,7(>0-hr.) liasis. 



A 

11 

■r* 

Kifid t»f 

t.diml 






I«»t4 l*»-' 

Butter and craamery — 

20 

IICJ 

12 

Braweriai. 

U 

m 

27 

Brass and iron beds. 

20 

m 

n 

Biscuit manufaeturers 

m 

m 

m 

Boo'te and shoi». 

2B 

m 

m 

BrM» manufaeturlng. .......... 

m 

m 

II 

Boilar shoj^. 

m 

m 

s 

Can maniifaeturers. . . — ...... 

m 

f§ 

21 

Candy manufaeturers. 

IS 

41 

1 n 

Clothing manufaeturers 

m 

m \ 

' * 

Clubs (krge) 

m 1 

m ' 

34 

,s:Bepirimeal stem (largs) 

i§ i 

ii 

1 17 

-^Hiotarical laftaufaeturlng 

ti j 

1 m 

1* 

Ijtprw compaol^. 
EI«toropkMBf . 

m ! 

2S i 

1 ii 

1 fi 

j 34 
j If 

/ lagrai^g .and pialisg. ....... t 

If 1 

i m 

j » 

J maaiifaetwici. ...... T 

1 

7i 

1 4# 

m 
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A 

n 




Ftirfiitiir« mmmlueintmn 

'J,s 

*15 

FciiiadrirH 

15 

75 

I’Virpi 

au 

•10 

Cjriiin l♦l«v^ltr»rn 

Ui 

# *■) 

(jicivf! 

LM 


Gnwpri 

2H 

f 

*#*> 

IIciti»k fwiiiill 1 . 

:i5 

5fl 

ilfitds (liirgf). . 

:iu 

10 

IfTfM'Tfimni iijfitiiifsirhiriaic 

■15 

i ■*» 

Ji*wf*lry riiiiritifartJiriiiK . . 


50 

. . 

25 

70 

MiiRliifif! . . 

2n 

55 



2(1 

75 ; 


:m 

75 i 

Fiiirii, lifinl witi iiik irimnnfiiriiiffr#* 

Zi 

45 i 

Fiti'H’r-liox 

25 

50 i 

Pliiirtbiiig aipi I'lii'w filtiiig . 

211 

55 

f f.«t 

50 

' :io : 

Friw«r liiiililiiigw . 

27 

40 1 

Iii..€rigtri4iittri ...... 

50 

' 00 i 


50 ^ 

i 50 ! 

liilwi 

50 ; 

i Wl ? 

Sfinp mmnfmPiurmn 

25 S 

1 ilCI 1 

1^4 dmmptM 

25 : 

i 55 1 

Ikfpm ... . . .... 

im 

1 75 : 

Hplee tfiilli. ..... . , „ . 

20 : 

1 55 i 

Miiw wmnulmimpm .. .. 

; mi ■ 

55 j 

^ BlrfiRiiiral ii*wl ..... 

22 

■ 40 ; 


m : 

1 7fi ; 

Htoaii ciiiw-ri. . , - ..... . 

I 17 : 

i 55 , 

Twin® ffiilii * . , j 

i mi \ 

* 110 S 

Hitiitrti. ... . . 4 
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in small cities operate only during the night and industrial- 
plant generating stations may operate only during the day. 
Operating-load factors have their application for conditions 
such as these. 

Example. — A certain small central station in a town of 750 inhabitants 
in Iowa operates 3,540 hr. per year. The energy generated during the 
3,540 hr. of operation is 15,576 kw.-hr. The naaximum power demand 
or maximum load is 1G.9 kw. (1) What is the annual load factor? (2) 
What is the operating load factor? Solution. — (1) The average power 
or load during operation is: 15,576 kw.-hr. 3,540 hr. = 4.4 kw. Hence, 
operating load factor = {average power load during operation) {maxi- 
mum demand) = 4.4 16.9 — 0.26 = 26 per cent. (2) The average 

load over the entire year is 15,576 kw.-hr. 8,760 hr. — 1.775 kw. 
Hence, the annual had factor = {average power had over entire year) 
-r {maximum demand) = 1.775 16.9 = 0.105 = 10.5 per cent. 
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Fia. 62. — Graph showing relation of load factor to equivalent hours us© of 
maximum demand. 


103. To Compute the Energy Delivered or Consumed by 
a Given Installation of Known Load Factor when the maximum 
demand is known, reckon the average power by using formula 
(15) and then figure the energy consumption by applying 
formula (19). Where the maximum demand is not known 
but where the connected load and demand and diversity 
factors are known equation (21) or (27) can be used for 
calculating the average power. Frequently, the graph of 
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Fig. G2 can ho uned to aelvantagc^ m illMHiritfcii in tla* follom-iiig 
examples: 

Example.— A n annual load factor of 25 |M»r coni. (Fig. fi2i a 

0“hr. use per day of tiio inaxiniiun demand and iin annual enf<rg> t'%» 
ponditure of 2,190 kw.-iir., per k%v. of niiiximuiii clcmiiiid. if it 

certain installation lias a load factor of 25 per cent, iind iln 
demand is 42 kw. the annual energy expendiiiirc involvnl i«: ‘1 2 2. 1?ci 

« 91,980 kuK-hr, 

104. A Specific Example Showing How Fixed Charges per 
Kilowatt-hour Increase with Decreasing Load Factor, * m 
stated grapliically in Fig. 50. Tfim is f'liwed cm iiii 
plant having a inaxirnurn capacity of 100 kw., and an 
cost of $10,000. A fixeal charge of 12 per rent, k 
thus: interest 5 per cent., depreciation 5 per cerif^., immmm* 
and taxes 2 peu’ cent. Tho fixed eliarge f>er kilowali-Iicitir 
generated may be deterniiiied in this way: 

ISxAMPLE. — The yearly fixed charge (Fig. 50) will he: 0,12 X llttfMIl 
*» $1,200. If the plant oiairated at a Itawl factor of I III imr cent, ■■■ h,7llfl 
hr. per yoar-^-dt would develop: S,7lK) hr. X 100 kw. » 87fl,CMJII km\*hr. 
per yofir. Then the fixed charge p^^r kilowatt-hour wciuiil lai: 1 1 ,2113 "i- 
870,000 kw.'-hr, » $D,CK)137 » 0.107 cto., $m plotted in Fig, 5CI at 4 . Kiiw 
if th© load factor k 25 fw^r cent,, only one-lifilf the energy woiilil gen- 
erated, that is, there would be gantiraUxi S,7il0 kn X 25 kw. 
kuhhr, per year. Then the fixed charge per kiliiwati hour woiild Im: 
lyiOO + 219, fMK) ® 10.00548 « 0.548 rk., m pbltufl at il, Tl«l m, 
with a load factor of 25 |)er cant, the fixed charge liai finir* 

fold. The other points on th© papli may Im detertiilfiirf by a iiiiiilmr 
proc«s. 

106, Plant Factorf is 'Hho ratio of the tvtrifo in tlift 
rated capacity of the flower plant, i.t., th© ratiiigi 

of the generators.” That is: 


(29) Plant facior « 

^ rated eap(mi§ #/ pimni 

(30) Awerc^i bed « (phni fmbr) X (rettei <#/ pkmi, 

mm^rngB Imd 


(31) MedM mpadty af pkmi 


♦ Albert f . StrfinMw. 

4> A V m m 




k 
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Example. — The generating equipment in the central station shown 
in Tig. 63 comprises two 600-kw. (continuous-rating), turbo-generator 
units, A and B, If it is assumed that the average power load imposed 
on the station is 255 kw., what then is its plant factor? Solution. — 
From formula (29): Plant factor = {average had) {rated capacity 
of plant of generators) — 255 hw, (600 kw, -j- 600 kw) = 255 1,200 

= 0.212. That is, the plant factor is, on a continuous rating basis, 21.2 
per cent. 



Fig. 63. — Kalamazoo, Mich., municipal lighting plant 


106. There May Be an Annual and an Operating Plant 
Factor just as there may be an annual and an operating load 
factor, as discussed in Art. 102. In fact, plant factor may be 
determined over any suitable period of time just as can load 
factor. Note that plant factor applies only to energy- 
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generating or delivering ajrpurutiiH ami tiiat it doi’s not api*l> 
to energy-consuming apparatus. Wiu!(! the <‘xpliina)(»i\ defi- 
nition as given in the A. I. K. 1'j. iStaxiiaukizatios' l£t i j .-i 
refers specifically to the “aggregate nitingH of the getier.-dors," 
plant factor may jiroperly he eomputi!ii on lh<^ li.asis of the 
output of any cnergy-tielivering plant not neccKwarily a 
generating plant. Thins, a phint factor may he eoiiipuled 
relating to the output of ti trnii.«fonnt?r, tnotor generator, 
synchronous converter or any siniiiar sort t>f n suh-stiition. 


the Method Used in Rating me capacity oi me amuon is 
Specified.— The station may he ratctl on a “iiontiiil-j»»wer- 
capacity” hasis or on a “continuous" or “tnaximum-pmver- 
capacity” htisis anti the continuous capiicity may he from ‘i.'i 
to 40 per cent, or morn greater than its nontiai cii|»Hrily. 
However, since tho “continuous" mctlitifl of ralitig chn’trical 
apparatus is, probably, in most casus the morts logical, it 
should always ho used where ftiasihln, 1*hn continuous rating 
is defined Isjlow. Where no mctluHl of rating is sjtucifiiwl, it 
is logical to assume that tlie amlinmm rncthwl is imiilic*!. 

lok The Continuous Rating of a piece of electrical ap- 
paratus is that rating — usimlly expru-ssml in hon«!-{Km'cr or 
kilowatts but sometimes in artijKircs -at which the machine 
or device may operate continijeusly without its limitations 
being exceeded. That Is, without its Incoming so over- 
loaded that it will bo overheated and damaged or la-comi'S 


Not®.* — “A machino rated fi« eontinuoua ncrvlee slmlt t»« st>h» lo 
erste oontiniioiuly at its rated output witboutexcMKiinf itsiiniit Aiinnii 
stated by; (1) OperiUing tmnperalure, (2) meehanieal 1'4) t»m- 

'Mlian, (4) didecirk alrtn^lhj (S) imuttUkn (0) ##dcnry, (7) 

vmfaetor, (8) VMm thape, anil (9) regtdotim, 

Exampm.— 'M ost typea of eb^ieal machinwy may be given eilher 
uwmar' or “maximum" ratings. The normal raling lndk»i«i the 
wl whieh the machine wUl earry eontinuously and with a iwtain over* 
td for a specified time. The nuudinuin iw continuouB rating Mleates 
e load which the maohina wiUoairy emtiouousty but wiihwt say wvitt- 

* A, I. K. B. STAMo&amsavwN ttvum, 8«s. 3S1. 
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load. Thus a generator of a certain size and of a certain manufacture is 
given a normal rating of 100 kva. This means that the machine is capa- 
ble of carrying continuously a load of 100 kva., and that it will also 
carry an overload of 50 per cent. — 150 kva. — ioi 1 hr. after it has been 
continuously carrying its 100 kva. normal load. Furthermore, this same 
machine will carry 135 kva. continuously (35 per cent, over its normal 
rating) and hence can be called a 135-kva. maximum — or continuous — 
rating machine. 

The generator discussed had a normal rating of 100 kva. and a con- 
tinuous or maximum rating of 135 kva. The present tendency is to 
give all electrical machinery only one rating — the continuous. This 
will tend to minimize the confusion relating to ratings which now exists. 
Practically all generators and transformers are now rated only on the 
maximum (the continuous-carrying-capacity) basis. 

109. The Importance of Maintaining the Plant Factor as 
High'as Possible will be apparent from a consideration of the 
discussion given in Art. 87 relating to load factor. In 
general, the lower the plant factor of a station the greater 
will be its cost of producing energy. 

110. Capacity Factor, a value sometimes used, has about the 

same significance as plant factor. Capacity factor is not 
mentioned in the A. I. E. E. Standakuization Rules but is 
defined by G. I. Rhodes* as: ratio of the average load to 

the rated capacity of the equipment supplying that loadJ^ It 
might be properly called output-capacity factor. As with 
plant factor, this value will not have a definite meaning unless 
the method used in rating the output capacity of the equipment 
in question is specified. The ‘'continuous^' method of rating 
(defined below) should always be used where feasible, 

Note. — '^Capacity factor is, probably, a better and more general 
term than “plant factor because, strictly speaking, the word “plant” 
limits the use of the value (plant factor) to the total output of a plant of 
some sort. But “capacity factor” may be properly used as relating to 
the output of an energy delivering plant or to the output of any indi- 
vidual unit or group of equipment in the plant or station. Thus, there 
may be a capacity factor for a station and a capacity factor for any gen- 
erator or motor generator in a station. It is not unlikely that, because 
of its more general appEcation, the tom “capacity factor” may super- 
sede ‘^plant factor.” 

* Stawdabd 191S; p. 875. 
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111. The Distinction Between Plant Factor, Load Factor 
and Capacity Factor should be clearly understood because the 
terms are sometimes, though incorrectly, used interchangeably. 
The term ^Toad factor is freq[uently used where “plant 
factor is really meant. Some writers of standing thus use 
“load factor^^ incorrectly, but, since the term is accurately 
defined in the A. I. E. E. Stanbardization Rules, it appears 
best to adhere rigidly to the definition there given. “Load 
factor^' is the ratio of average Tower to maximum demand while 
“plant factor” is the ratio of average power to rated station 
capacity. Furthermore, “load factor” may relate either to 
the energy delivering or energy receiving equipment while 
“plant factor” relates specifically to delivering equipment. 
The distinction between “plant factor” and “capacity factor” 
is that “plant factor” relates specifically to the total output 
of an energy-delivering station while “capacity factor” may 
relate to the output of any energy-delivering station, machine, 
system or equipment. Note that “plant factor” is really 
a special restricted case of “capacity factor.” 

112. Connected-load Factor is the raiio of the average power 
input to the connected load. It is expressed as a percentage 
and relates only to receiving equipment. As with load factor, 
to render this value specific the period over which the power 
is averaged should be specified. Usually the average is taken 
over a year and if no period is mentioned a year is ordinarily 
implied. From the definition just given it follows that: 


(32) Connected load factor = 

connected load 

(33) Average power input = {con. load factor) X {con. load) 

(34) Connected load = 

con. load factor 


“ Connected load ” is defined in a following paragraph. The 
average power input and the connected load must be ^prawed 
in the same units. If the power input is expr^ed in kilo- 
watts, the connected load should then also be ^pr^ed in 
kilowatts. K the power input is expressed in hor^power, 
the connected load should be expressed in horse-power. The 
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connected-load value used should be based on the output 
capacity of the equipment involved, and not on the input 
capacity. 

113. Connected-load Factors Are Most Xlseful in Finding 
the Probable Average Power Input or the Probable Annual 
Energy Consumption of an installation when the connected 
load and the connected-load factor applying to it are known. 
A distinguishing feature of connected-load factor is that it 
relates only to energy consuming apparatus. A comparison 
of equation (32) with those of (14) and (29) will disclose the 
distinction between this and the other factors herein consid- 
ered. 

114. To Insure That a Connected-load Factor Has a Definite 
Meaning it is necessary to specify the basis on which the 
connected load is computed. “Connected load'^ should, 
strictly speaking (see definition given in Art. 116) always be 
stated on a continuous-rating basis. However, it is not always 
feasible to follow this method. A lighting “connected load^' 
is equal to the sum of the wattages of all of the lamps in the 
installation. A motor “connected load'^ is equal to the suin 
of the rated (nameplate) outputs of all of the motors. Motors 
are usually rated in horse-power output; hence, it is usually 
most convenient to reduce these horse-power values to equiva- 
lent kilowatt values before adding them together. Motors 
are now ordinarily rated on a “normaP^ output basis but a 
“ continuous rating is now sometimes given to motors. 
It is not improbable that, in the future, all motors may be 
rated on a “ continuous basis. Hence, the method employed 
in rating the motors should, where motors are involved, be 
specified when a connected load factor is stated. At this 
time, when a connected load factor is given for a motor load 
and the method whereby the motors were rated is not specified 
it may be assumed that “normaP^ ratings are inferred. Ex- 
amples which follow illustrate the method. 

Example. — ^What is the connected-load factor of the installation shown 
in Fig. 54 on a 1-day (lO-hr.) basis? The watt-hour meter records 234 
kw.-hr. as having been used during a certain 10-hr. day. Full load out- 
put (nameplate^ normal bams) ratings in kilowatts are indicated in the 
7 
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Example. — In a certain plant the total rated capacity of all of the motors 
is 60 h.p. The connected-load factor is known to be 25 per cent. What 
will be aimual energy consumption? Solution. — The graph of Eig. 65 
indicates that, with a connected-load factor of 25 per cent., the annual 
energy consumption will be 1,634 kw.-hr. per h.p. installed. Hence, the 
annual energy consumption will be: 60 h.p. X 1,634 = 98.040 kw.-hr. 



0 54U 1089 1634 2178 2723 3267 3812 ^387 490/^^46 5990 6533 

2713 8/6.9 1361 J906 245/ 2995 3540 4084 4629 5/74 57/8 6263 

Kilowaft-Hours,per Year, per /P/nsfa/Zed 


Fro. 65. — Graph showing relation of connected-load factor to equivalent 
hours use of connected load. 


It will also be noted from Mg. 65 that a connected-load factor of 25 per 
cent, is equivalent to a 6-hr. use per day of the total capacity or connected 
load installed. 

Example. — ^If the connected-load factor of an installation is 40 per 
cent., it means that the energy consumed by this installation is the same 
as that which would be consumed by all of the connected load if it were 
operated at rated (nameplate) output for hr. per day (see Eig. 65) 
every one of the 365 days of a year 
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LOAD GRAPHS AMD THEIR SIGNIFICANCE 

118. A Load Grtpti, nr im it m mMmtmum ii Icmd ^tirvci, 
is mmdy a gnifilik: ri’wiril tif tlici iioui^r IciimIh which hiivii hciiiri 
cm fi sliifitiii m un utiiiiC! electrical iiriit at alt of ilifi 
irwiiints iiiiriiig a certain periot! nf tiriii*. 'Fho ithis- 
triiiioiis (Figs, till to H7^ ■wliscli aro fniHitd largely *m data pro- 
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119. There are Two General Methods Whereby the Data 
for Plotting Load Graphs May be Obtained. .\hil,„4 1. 
Where graphic; instnunents are iiiHtiillcfi thi; h«i‘l jit, 

any instant can ho readily nsc-erlaino.i fr»in the n-.-.-rd lumh 
by the inatruinccnt. In fact, the r.‘<-erd strip .>f a graphie 
wattmeter is its load graph. Mdhod 2.- Whi-n* tirnphi!’ in- 
struments are not inBlalleti, ilm powot vii 1 iii*b for plot fiiig. iiifi 
graph may ho read at eqiiidistaut itilervids fruiu iiidir.-ifing 
instnuneiits tionncscted into the circnit titah^r »'un,-id»-ra!b.n. 
The frequency with which tlie rcading.H should b<! taken will 
be detcnniiusd to a largo exKint hy the charnc-tcr of tin* lo.id 
under consiiloration. If the load is subject tf» wide and con- 
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tinual fluxation, it may bo desirable to take n»ditiR« evory 
minute or even ©very h^f mirmte, but if the load is rwaaonably 
steady— that is, cbanijm in value slowly— it will usually 1st 



Hki". li] i.iidiliS AXI^ TitKlH SKrSlFHWSiK lorf 

Xirri;. Oii rir**uil:4 fhii |H#u«?r liii|i- 

l«*H« I** Irt* PMI |ii‘r rriit.j uhis’h is nc>t hkf’ly la l«fi ihii v.nm^ thi! |ii"<«iiH’t, 
lif till* -VfiilHafpl Will iif»i rr|fM!mnif, %vatfH; with alifiriiiitiiiii;- 

vnmmi it k fo oldaiii tlm 

viiliii’S iiiili*H« iiii waitnii’iifr in 

gntfili of Fig. 07 %viw fmiu f.hi* foilowiiig 

villi ion: 


l'i3nr- 

ii jlti'kiSi'.Sfif i*t p-nmrf 

’1 

|om'rr 

I2:f«l fXiwiri) 

i,mm 

3:15 


12: in 

mn 


mmi 

VI: :m 

i,mB 

:i:in 

I, mi 

VI: in 

i;imi 

iitm 


I:1W 


iiin 

2,4mi 

t:in 

imni 

ii:m 

2, util 

ii:m 


4;4fi 

2,tlfMI 

l:U 

2, lino 

snilMI 

1 , 7m 

I:im 

ivirm 

Bi m 

: 2 , mm 

I:in 

'2,:mi 

Biim 


2 iim 

%mr, 

Bim 

i 2,Hm 

IiU 

2, .'ISO 

UAMP 

1 2,1130 

ikim 

2,100 

tfie. 

j fill!. 


which in iHaiii: iniiKHfoti anil hrinp out this facts miicli more 
forcftfully than will a of colutnttM of figures, Tho highor 


CENTRAL STATIONS 


104 


[Art. 121 


where a graphic wattmeter is not installed, be plotted daily from the 
station log. 

121. The Unit for the Ordinate Values of a Load Graph is 
ordinarily a kilowatt. In certain instances it naay, where 
constant-potential circuits are involved, be desirable to use the 
ampere as the ordinate unit, because then the ampere values 
can, on direct-current circuits, be translated into watts or 
kilowatts by multiplying by the constant-potential voltage. 

122. The Period Which Should Be Comprehended by a 
Load Graph is a thing which local conditions must decide. 
Where plants operate 24 hr. a day it is usual to plot the graphs 
relating thereto so that their horizontal lengths represent a 



24-hr. period. When a plant operates only 8 or 12 hr. daily 
then it is sufficient if the length of the graphs represents only 
the 8- or 12-hr. period. Most load graphs are plotted on a 
24-hr. basis as an examination of the accompanying illustra- 
tions will verify. Frequently it is desirable to plot graphs on 
a yearly basis as illustrated in Fig. 68 that one may study the 
distribution of the energy expenditure over the entire year. 

123. Loads of Different Types Have Their Typical 1/oad 
Graphs. — ^That is, the graph for any electric-lighting load will 
follow the general contour of that shown in Fig. 69. Indus- 
trial or factory loads will all have graphs of the general outline 
suggested in Fig. 70. This same condition holds, in a broad 
way, for all of the dpEerent loads of different classification 


8bc. Of WAl> dh'APHS AXI> TIIKIH .SiaKtl-'ICAmU'; 
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typical winter-day power demand while that whifth is dotted 
shows the demand on a typical summer day. The iisaxintiim 
demand occurs in the winter time iKitwecn 4 and 0 o'einrk in 
the evening l)ccause at this tiiiK? most <if the .stm-es and olhi-i'S 
and many of the residences are tising a maximum <tf light . A 
maximum “peak” for the year usually occura in Dei-endsu 
(Fig. 66). In the summer the lighting “jx'iik" is imjawd in 
the evening — about 8:00 i>.M. — and it is of considerable lower 
value than the winter jrcak. 

Notk.— The niinimuiu demand for ligliting (sicrgy twrurn 
9 o’clock in the morning and 2 o'clock in the afternwai in winter nnd i i- 
tween 4 o'clock in the morning and 5 o'disik in tlm aflemwm in siiitimfr, 
A noticeable characteristic of lighting loads.is the ahniidtwsw with w 
the energy consumption incrciMK» (from A U) Is, Fig. WH) in thecvi-ning 
and also the suddcnncM with which it dccrtiaiit's (fmm IS to f‘, Fig. (HI), 
after the shops and offices close in the evening. The lotul facljjrs for 
typical eloctric-lightitig loads of the general chariwtcrwties inclicaUil in 
the graph of Fig. 09 ant noted in the illiistralioii. As there ttiiggimled, 
the annual loud fiwdor is aI)out 2.'J imr cent. 

126. A Typical Graph for an Industrial Load In rttprttwsiited 
in Fig. 70, The loa«i is a minimunt during the hours when f ins 
industrial plant is not in oiieration. Hut the demand incrwasiis 
■very abruptly at aliout 6 o’clock in tlio morning and atf ains 
the maximum for the day altout 7.<K) or 8:(X) a.m. At thw 
noon hour the graph drops almost vertically downward and 
rises again at 1 o’clock when the machines and lining lajnifi- 
ment is again cut into service. It should Iio noted that the 
afternoon peak occurs shortly after 1 o’clock, but it is snldotit 
as great ^ the morning jteak. The power demands iinjatwtd 
by an industrial plant are about the same in winter m in sum- 
mer. The annual load factor will lie altoiit 46 ficf cent. 

126. A Tjrpical Load Graph for a City Street RaUway is 
delineated in Fig. 71. There are two pmnouncod jimks occtir- 
ring at about 8:00 a.m. and 6:00 p.m. Th«« aris duo, m- 
si^tively, to the demands impc^l by the tranuportation of 
employees to and from work. The mitiimtun demand occiiw 
about 3 o’clock in the morning. A graph for a typical suin- 
mer day baa the utme general exmtour as that for a winter day. 
But the summer-day demands are, at every hour ^ the M, 
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less than those in winter. The principal reason for this con- 
dition is that the electric heaters on the cars require consider- 
able energy in the winter. In some cities it may occur that 
the summer traffic is heavier than the winter, but it is seldom 
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Fig. 71. — Typical 24-tour load graph for a city street railway load. 

that the summer peak is higher than the winter peak. The 
annual load factor of a load of the general characteristics indi- 
cated in Fig. 71 is about 35 per cent. 
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Fig. 72. — Typical 24-hour load graph for an interurbaa railway load. 


127. hxtmmhmi Street Railways usually show a graph about 
like that outlined in ilg. 72. The peak occurs at about 7 
o’clock in the evening and is caused by the heavy traffic 
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due to people riding home from the towns where they have 
been employed or visiting. The annual load factor for a load 
of this character is about 47 per cent. 

I Combined Liqhtiriq a'nd Industr-iallLobol I I I I I 1 I I I I I 

L/L I Jl.JrjJ l.,„l 


[oacfracron \AvenQqe'64 *1^ r actor [Rummer “1 54 
/ Sar?r?er^S % 

Yl 1| 

Annual Load Factor = ^‘40% 


'\Summer, 

Trrrt' 


IBHIIIIII 1 1 HHi 


12UXI 2^45678$ /OH I2m( 2 3 4 5 6 7 8 9 /O mm 

A.M. R M. 

Fig. 73. — Typical 24-hour load graph for a combined electric lighting and 

industrial load. 

128. By Combining a Lighting and an Industrial Load on 
the same energy supply source the resultant load imposed on 
the generating equipment will be of the character indicated 
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A.M. P.M. 

Fig. 74. — Typical 24-hour load graph for a combined lighUng and city 

railway load. 

in Fig. 73. Note that due to the diveridty of the demands 
between the loads of these two different types there is a 
tendency toward “smoothing out the hollows” in the load 
curves and that the annual load factor for such a combined 
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load is about 40 per cent, as against 23 per cent, for the un- 
combined lighting load of Fig. 69. Therefore, it follows that 
a material economy in energy production results where loads 
of dissimilar characteristics can thus be consolidated. 

129, A Combined Lighting and Street Railway Load will 
produce a graph of the general contour suggested in Fig. 74. 
The annual load factor resulting is only 32 per cent, as against 
40 per cent, for a combined lighting and industrial load (Fig. 
73). This is largely due to the fact that an industrial load is 
about the same in the summer as in winter, whereas, both 
lighting and railway loads are considerably greater in the 
winter than in the summer. 
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Fia. 75, — Typical 24-hour load graph for a combined electric lighting, 
industrial and interurban railway load. 


130. When Lighting, Ladxistrial and Interurban Railway 
Loads are combined the resulting 24-hr. load graph will follow 
about the contour plotted in Fig. 75. The annual load figure 
is then, approximately, 42 per cent. 

131. A Combination of Lighting, Industrial, Interurban 
and Street Railway Loads will impose on the supplying equip- 
ment demands which will vary through the 24 hr. of the day 
somewhat as outlined in Fig. 76. The annual load factor will 
probably be in the neighborhood of 45 per cent. 

132. Load Graphs for Large Cities are shown in Figs. 66 
and 77. These have been plotted respectively for New York 
and Chicago from actual operating data. Both indicate the 
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results that may be expected bj eombiuIriK Imwls of iliffuri'iit 
characteristics on one supply systom. grii|i!i nf Fig, IMI 
comprehends loads handled by two cofripariirs wliiidi riprnitii 
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Fig. 76. — ^Typical 24«1io«r load iprapli for a coniMiiwI llglilliiti Itwltin'ifkl, 
Int&mrlmu md chy railway limiL 

in New York — The New York Etliiion Company an«i tho 
United Electric Light and Power Company. 'I'lio imd fartor 
is approximately 50 por cent. Fig. 77 shows (olal load for a 
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peak at 8:00 a.m. is due, for the most part, to the energy 
taken by the electric elevators. The evening peak between 
4 and 6 o^ clock is due largely to the power required for light 
but the elevator power also has its effect at this time. 

134. A Hotel Isolated Plant will usually have imposed on it 
a load which will vary with the time somewhat as outlined in 
Fig. 79. The peak, which occurs in the evening, is due, for 
the most part, to electric lighting, but the electric elevator 
requirements usually add an appreciable share to the demand 
at this time. 

135. A Department Store Isolated Plant will have imposed 
on it a load of the typical properties graphed in Fig. 80. The 
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Fig. 79. — ^Typical graphs of the load 
on a hotol isolated plant. 


Mt 

Fig. 80. — Typical graphs of the 
loads on a department-store isolated 
plant. 


peak occurs quite early in the evening, just about the time 
the store closes and the demand drops off abruptly after 
closing time. A somewhat unusual feature which character- 
istic of department-store loads is that at certain hours of the 
day the summer off-peak load may be greater than the load 
imposed at the same hours in the winter time. 

136. How tihe Addition of Off-peak Loads Will Improve 
the Load Factor is brought out by the graph of Fig. 67. 
The area A represents the energy required by the regular 
load imposed on the system or plant in question which operates 
in a city of approrimatdy 100,000 inhabitants. The graph 
shows the conditions on Feb. 1, 1916. The load factor for 
load A is about 69.6 per cent. Now, if the energy, B, required 
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Fio. SI. --“A C!Drnj'»nrif«'m of wiriii'r unri PUfiitioT loiitl g,rii|.'»lii 
graphs wcr« pbitU'd from ot>m^rvi*d data. P4W ^tnplm wm?- 


137. A Comparison of Winter and Summer l»oad Graphs 
for the load impostid on tho station in a oily of iiiiproximulidy 
180, 000 itjhahitantH is given graphieatly in Fig. 81. This 
illustration also shows how, in tho parlienlur casis under con* 
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B iirii th« curves for thruo dilTaruni luiaucipiilitiuH. 

This fXH'Piitiofi dinm not hold in tho mm of tho Iiir^or 
bef4iiiHci willi tliiun tJui loud gritphs fcir nil usniilly c‘x}iihit» 
Biiiiilar c^IuinictoristicH* Ai! thrufi at the towim (Mg, H2) liav«i 
approximately 'hHlMJ iiihahiianf.H, In all tiircH4 the waiur- 
works pmrqm tim iilficlrioally ilriven. In town A. <iurinic tin? 
dry H,ujiBO!i llio iiiolorrt driving ihci c‘oniprt‘Hsor.H for tlw air- 
lift ivisHb oporiiln tiiiriiig tho and i.dso for Hovorid lioiirH 

in tlio mcirniiig. That is, opfuiilo from i*m* to 

fkCM'l a.m. lliorfi m a fair cfuiHiimpf ion onorgy for Iho 
resitloiifiiil erirtimtirriiil lighting and thorn in ii rouiHoiuilily good 
fitriKii lighting syslciiru 
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A.u. In inutttiieoit attch aa that juat rtoacrilHnl it ini^ht li 
fK»wible to arraiiRO with three difToront towna wiii(di are a 
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for oxainpio, in the grujih of * 'i!*** 

decided “valley” at tlu! noon hour iKsriod. 1 hin indieiitcH !ini 
lack of an industrial load, which, if ad< led to this sysfcin wouhl, 
probably, niattn-ially im-rease llus huid fucior. 
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the power contour lines in the grapli, which in a iy|Kigrap}ii<*ii! 
map would indicate elevations in feet, indiriitf! tlif! prme.f 
loads in kilowatts. 

Note that the total load on ilie system hmhwrampA imUmdly frurri 
April, 1913, to January, 1915. The lieginnirig of tim great »iir early in 
1914 caused a sudden decrease in tlie cleniiiiul for energy, wliirli in rl nrly 
indicated by the shading of, ami tiio contour lines on tlio ttmp. A IoimI 
graph like this, which is plotted in tlirce dimensions, will birriltly iiiili- 
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the height of aiiv pthiii in the ioial i^rapl^ nJjovfi fhe 
horizontal iixin m ec|iial to iltti HUin of the diHl.aiieoH of eac^li of 
the two eciiiipcjiient graphs alajvc? the, horizontai iixin timnn- 
iireil along the oniiiinte iirnler eonsitbraiioin "fiiUH, diHtane.e 
DE EF + K(L 

142, How a Storage Battery May Be Used for Modifying 
the Load Demands Imposed on Generating Equipmerit in 
iHiiHinitial hy tlie load graphs of h'ig. 87, With no storiiga 
iMiiiery the loud iiiipoHial on tli<i graatrating efjiii|iniitiil# is 
imlicated !iy tfie griipli JKHFI>EF(mI and the load fanior i« 
iliori riiiher low, Bui with a storage lialinry lirraiiged for 
cdiargifig find dmohitrging, the loud 

iin|Kmofl cm thn geiioriiting ecpii|)m«mt would Im rrtpr<’;8f!rit.i*d 
hy the grafih ABODFGli and the bad faotor wcmld Imi 
rcLitively high. 


HW'TION 7 


GENERAL PRINCIPLES OF CIRCUIT DESIGN 

143. In the Actual Design of Circuits it in iirif pTHvtwiihh\ 

tihoiigh it may bo eniin.Jy to apply liiw iiii» 

modifiod to an oxtonnive circuit-. It H cm flic cuiilrriry, flu* 
usual practice to couBidcr cmly ihci voltiigi* iii flic griicnitur 
or at some aBsumod aoureo of caicrgy iiiiil the inirntut in ciirii 
portion of tho circuit under conHidc^nitioii. Vnmi vulun^ 
the volts drop or Ions of imlential in thti cirriiil can Im rs"ii*!ilF 
computed by motliods to be doa(!ri!m<l 

It follows from Ohm a law* that the %^rili.4i clrfip iii airr 
of tho circuit will equal tho product of the tmlnimm* «il tliiit iiiiftiriu umrm 
tho current of that portion, 

144. The Features Which Should Deltrmiiii the Silts of 
Wires for the Distribution of Electric Energy arii tlirrii, llnin : 
Tho wire solectod should Iki of such nhoi 01 wtll 

the ekdrical energy lo the ImaHm where ii m l» Im iililirr-r| tnlhmd 
m ezeeMwe drop or lorn in poktUml; iimt w, f/rr##ir« 

1 X B drop; (2) that the current will rud il f« « fc«i|irmlfir«? 
which mil injure the innuUdum of the mire or m fire; |3| 

tlud the coMt^ dm to the power lorn {Um P X B hm) im ifm wwr, 
earned by the current Iming forced through the rmiuliumf will mmt 
be excesme, 

A eonductor may iittiify one of llieit tlin^ eoncllllotii arid 
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apparatus reciiiirc^H a iiuiiirmim voltage for gatisfaciorj 

o|:M!ratioii. Witli iiicmiuitmccait lamp circuits it is frequently 
iiri|Hjrative tiiafc the voltage drop be not excessive. The 
reiisoii is that a small decrease in the voltage impressed on an 
iiiciiiideHcerit lamp muses a great decrease in the light emitted* 
iiiid a siiinli increase in voltage causes a great decrease in the 
life of the lump. 

Kotk. ■■■iliiiirfi, the voltage regiilation of dreuite fmding lacandeicent 
liaiiiw ilioiilfl iws very That is, the allowalde voltage drop in 

ificfifiilrfirriit-laiop hgliting drcinte is small. With circuits supply lag 
fiiiitora^ n greater dojp in voltage can lie allowed than on circuits supply*" 
ifig only liiin|w. Ilowijvcr, if the voltage iniprcwed mstm the terminal 
of a iiiotiir ii very riiiich hnviir than tliat for whi<;h its manufiteturer de* 
iigiiiHl iliit motor, the iiicifor will liecom© excemively hot in operation and 
may blow its fiiais or trip its circiiit-hreaker. 
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bo; 10 amp. X 1 ohm = lOvoUs. Thou tho voItaK': iinpn KHcil 
across the lamps would be: 110 volts — 10 volts 100 voUn. 
Obviously, with tho condition of I, the two lattiiw would have 
109 volts impressed across them, whorcas with the,* comlition 
of II they would have 100 volts impreaHod upon tlHirn. 

147. Incandescent Lamps Cannot be Manufactured Which 
Will Operate Satisfactorily Over a Wide Range of Voltage. - 
Hence, the solution of a condition such as that dtsscribtid in 
the above example would l>o to uso llO-vuH itifandi'wcnt 
lamps and so proportion tho conductor, that witli all of the 
lamps on tho circuit burning; simiiltaticouHly, then! would not 
be more than a volt or two total drop in tlie cut ir« circuif , 
instead of 10 volts drop as shown at Fig. K8,//. How con- 
ductors may l)0 proj>ortionod to thus inaiiituin tho lirop at a 
minimum will bo dc8cril)e{l in tho material which followa, 

148. A Large Voltage Drop in a Conductor Also Indicates 
a Large Power Loss in That Conductor. — It is often, from a 
standpoint of economies, advisable to use a conductor of such 
large size that the voltage drop in it will l»o much hiss than 
that necessary to maintain the voltage at tho receiving apjm- 
ratus up to the value ateolutely roqiiircih Tho roason why 
the use of such large conductors is frwjuontly advittabln is so 
that the power loss in them will not be exceasivo. This situa- 
tion is considered more in detail later. 

149. In Incandescent-lamp Circuits the Voltage Drop 
Allowable varies somewhat with the charimter of tho apparatus 
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tfiaraof, in tlie coiKluctors between the buiblings and the 

central gcrinrating station. 

Note.- ■-■A iiiinilmr of fciilral-station companies will not connect 110- 
vcilt wlicrn tlm voltage drop from the point of onimnco to 

till* inciHt rttiiuiio lamp in the iuHidc wiring installation cKcimk 2 volte. A 
I fi»w foiiipiiriioH limit the drop in tlm inside wiring installation to 1 volt, 

in inolatiid iniiialliitkms, where energy m produced at low costj 
! a 5-voli ilrop k fillowi»d on I llkvolt incandescent-lamp cireuite hut the 

i results arc ii«it wliolly mitmfiictory. A 5-voIt drop m certainly the upfMr 

iiriiit for n ilfhvolt irirfiridcficerit-lamp circuit. While the values ahovii 
eiiiiiiieriilod itpi'dy «|ieriliciilly to 110«volt lamp circuits, they can 
uM?fI |ir»|iortioniitely for lamp circuits operating at other voltages. 
l>ro|'i k often es|»ri»i#wil ns a percentage, thus: The total drop on a circuit 
fffciiirig uu’umlmmmt liiuips should never exceed B per cent, of tim lamp 
viilfiige. 

^ liO. A Greater Drop Is Permitted in Motor Circuits than 

in lump circuits Imciuise motors are not so sensitive to varia- 
tion of voltage. With rrioiors a drop excaieding 10 per cent, 
of tlie receiver voltage is seldom advisable and it is usually 
lami, eoiisiderefl frfini a gfaiidpoint of opfiriiiion^ to allow a 
dro|i not in fmmxm of 5 {ler eemt. If motors and incandescent 
liiirips lire served by Ilia iiiine circuit the drop in it should be 
liinitad to fiboul *1 per ecinl. 

. ISi. The A^orlioament of Voltege Drop Among the Dfcf- 

! ferent Coiapwnents of the Cfareuit will now bo eonsiderod- In 

I circuit dasign It m rioci^isiiry to apportion or ciistributo the 

i total drop wtiicti hfui tsMifi iillowed in the entire circuit botwiian 

I the fiMidarSi ftiaitis^ iiilMimini and branchm In tneaiictecinfc 

^ ligfitirig, mmi of I tin drop is confine^r to the feeders Imcauio^ 

I if there is aMci»sive drop in the mains and branch^, laiiii^ 



par cent, greater than the normal full-load curront of t ho iriotor. 

163. The Sale-curreat-caxT 3 risg Capacity of Wires Shotiid 


doctor may have ample cn^s-aectional area to convoy cur- 
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service to the premises. In such a case the total ilroji within 
the premises should not exceed 1 to 2 volts. When; a utility 
company is to give service, it should ho couHulfcsd regarding 
its practice in this respect. Some central-Ktaf ion coinpanii-H 
require that the voltage drop in interior wiring inHtallalions 
which they are to servo should not cxeccal a ccrtaiti iiiaxiiumii. 
In any case it is frequently the practice to allow I volt dr«)p 
for the branches and to apportion the remainder of the availa- 
ble drop to the main circuits and hiodors. 

162. The Apportionment of Drop on 2,400-volt Distribu- 
tion Systems is often ina<la under thes assumption that the 
secondary voltage of the transformers remains prai’ticsiily 
constant. This will bo found true in a well-hiid-out system, 
particularly if automatic feeder regulators are uwd, 

162A. The Apportionment of Drop in Motor Circuits may 
bo made on the basis that 1 volt will bo allowed in the branches, 
two-thirds of the remaining drop in the mains and ono-lhird 
for the feeders. Most of the <irop should Im (jonfined to tho 
mains in order that a variation in load of one motor of the 
group will affect tho others as little as jrossiblo. Whore motor 
circuits are fed by transformore it is usually assumutl that fh« 
voltage at the secondary side of tho transformers remains 
practically constant. Therefore, all of tho allowable drop is 
apportioned to tho secondary circuit. Where agroup of moton* 
is fed by a main circuit and branches, tho drop in the brnnchist, 
if they are not too long, is frequently 1 volt or !t^, under 
normal working conditions. Tho reason for this is Istcauso 
the National Eledriced Code ruItM require that a branch con- 
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m Table 154, a wire that is large enough, on the basis of Table 
154 values, should be used. 

164. Allowable Carrying Capacities of Wires. — These values 
are taken from the National Electrical Code, Eule 18. 


& S. gage 
number 

Diarneter of^ 
solid wire in mils 

Area in circular 
mils 

Table A, rubber 
insulation, 
amperes 

Table i5, other 
insulation, 
amperes 

18 

40.3 

1,624 

3 

5 

16 

50,8 

2,583 

6 

10 

14 

64.1 

4,107 

15 

20 

12 

80.8 

6,530 

20 

25 

10 

101.9 

10,380 

26 

30 

8 

128.5 

16,510 

j 35 

50 

6 

162.0 

25,250 

! 50 

70 

5 

181.9 

33,100 

55 

80 

4 

204.3 

41,740 

70 

90 

3 

229.4 

62,630 

80 

100 

2 

257.6 

66,370 

90 

125 

1 

289.3 

83,690 

100 

150 

0 

325.0 

105,500 

125 

200 

00 

364.8 

133,100 

150 

225 

000 

409.6 

167,800 

176 

276 



200,000 

200 

300 

0000 

460.0 

211,600 

225 

325 



300,000 

275 

400 



400,000 

325 

500 



600,000 

400 

600 



•600,000 

450 

680 



700,000 

500 

760 



800,000 

* 550 

840 



900,000 

600 

920 



1 , 000,000 

660 

1,000 



1,100,000 

690 

1,080 



1,200,000 

' 730 

1,150 



1,300,000 

770 

1,220 

1 

j 


1,400,000 

810 

1,290 



1 , 600,000 

860 

1,360 



1,600,000 

890 

1,430 



1,700,000 

930 

1,490 



1,800,000 

970 

1,550 



1,900,000 

1,010 

1,610 


i 

2 , 000,000 

1,060 

1,670 
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156. Calculations for Voltage Drop Are Usually Based on 
the Resistance of a Circular Mil-foot of Commercial Copper 
Wire as copper is the only metal usoii to any extent for the 
distribution of electrical energy. It can he shown that the 
resistance of any conductor of circular cross-.«5ecfitni may be 
computed from the formula: 

(40) H ’’ (ohms) 

Wherein: R = the reHistance of the cmidtietfsr, iir oluns. 
p = the resistivity, in ohms ixjr circular mil-hmt, of tin: metal 
composing the conductor. I the length of the coiuluctor, 
in feet, d = the diameter of the conductor in O.tKH in. 

166. In Practical Wiring Calculations the Resistance of a 
Circular Mil-foot of Copper May Be Taken as 11 Ohms* and 
since d* *= the diameter of the conductor, in O.fHll in. wpiared, 
that is d* « the sectional area in circular mils, th« above 
formula (40) becomes: 


(41) 

r> 11X1 

" dr. mik 

(ohms) 

(42) 

, dr, mil$ X It 

M 

(feet) 

(43) 

II X i 

cir. mils *= 

(circulair mils) 


Wherein: All of the symbols have the mcftnifu^ specified 
above. 

167. The Drop or Loss of Voltage in Any Conductor can las 
most conveniently computed by using the Olun’s law forntula, 
which has boon bo mo<lified that the oxprewiion fi>r r«toi«tanco 
jpven in equation (41) above is used. Thus, from Ohm’s law :* 

(44) F - / X R (volte) 

Wherein: F »■ the drop, in volts, in n given comhictor. I «* 
the current, in amperai, ha that conductor. H * tho resist- 
ance, in ohms, of the conductor. Since, however, formula (4 1 ) 
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:i. 1 ho givi^n an expreHHi(»n for It, it can l>o aubHtiiiitoct in 

formula ( ili iihovi! with tliiH roHuli: 


(45) 

V ^ r A It 

/ X 1 1 X f 
dr. mih 

(volis) 

(W) 

F 

. / X 1 1 X i 
dr. mils 

(volte) 

(47) 

/ ,= 

dr. mils X V 

n XI 

(ampere«) 

(48) 

i - 

dr. mils X V 
II X / ' 

(feet) 

(49) 

cir. mils. ™ 

/ X 11 X f 

V 

(circular mik) 


Mote tliiit tlici Hyiribol I in Iho ahova ac|imiions st4intk for 
till! cloiihio flinlfiiico of ilm circuit-. That is, the entire length 


'4 ■ 



■ ' « w ff. 


fO 


:: . ■ . , - -/ ^ ^ ^ mm fJr, Mth 


■ --mft ■ 





Flo. Illnislralliii cJowiile dkt^rim?. 


of th« cirotiU, in Uml, in nhown in Fig. 89. Hoo tho following 
e*ampl«, 

KsAiip!.»5. - Ilia lirop in tho circuit of Fig. 89, with & eurtent of 10 
amp flowing in tho eirwiit, which w 200 ft. tong and of No. 10 wir# 
(urea m !0,.'iM)cir. milit, wm Tablo 154) willlje,*nlMitituting In formula (46) ; 


f X II X f 10 X 11 X 2a) 
«r. nilto “ 1^380 


2,1 votU. 


Iltat k, tho total drop in th« circuit «rf Fig. 80, with a current of 10 amp. 
flowing, k 2.1 volta. 


168. To Compute th« Voltege Itop in a Lighting or Power 
Circuit. & modified form of equation (46) is mMt coavoniont. 
Since, in ftotual imtaJiatioaa, tho two aide wiree of any oirouit 
fallow about tho aaooa couree and are each about the «une 





formula instoacl of “ 11 X 2." from (iMlJ, tl: 

formula now IxjcomoH: 

^ 1X22 XL 

dr.m*. 

- F X dr. mih 

(62) 22x£. ' 

(63) -22 X / 

(64) <3r. mtis “ „ , (eire 

Wherein; V - the drop or lo«« of potonfml, in v«l 
circuit under ooasideration. I «• the current, in 
in the circuit under consideration. L » the pirinlii 
1%. 90, of the circuit tinder connitlcration. (Hr. m 
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length, it is desirable to use the singlo diMtanee (m' 
designated by the symbol L rather than the «i<mbh 
designated by the symbol 1. Now, / (as is «»bvioiiH 
89 and 90) equals 2 X L. Therefore, std.Ht it tiling 
I in equation (46) we have: 

_ / X 1 1 X 2 X /. 
cir. ?« d« 

However, since the values of “II” and “2" won 
appear in the formula it is eoiivenienl to multiply 
gether once for all ami then to use the value of 






■r-mmw'rn, Jtrn^mm c.k 


in Table 164. 
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10;380 cir. mils. Solution. — Substituting in formula (51): F — 
(2 X 22 X L) 4- cir. mils == (10 X 22 X 100) -r 10,380 = (22,000 
10,380) = 2.1 volts. Therefore, the drop in the circuit of Tig. 90 is 
2.1 volts. Observe that this is the same result that was obtained with 
the other form (46) of the formula in the example given in connection 
with Fig. 89. Both examples, obviously, show solutions of the same 
problem but in the first the double distance I was used and in the sec- 
ond the single distance L, Other examples are given in the following 
paragraphs. 


'^ Stze Wire = ? 

k- - ZOO Ft -■ 

Fig. 91. — Finding size of wire. 


'Main Switch ^.rfeeder 


hiains^-y. 
Distribution Center- 


50 Awp.‘’T> 

-If ■<•—50 Amp. 


169. To Find the Size Wire for a Circuit When the Current, 
Length of Circuit and Allowable Drop are Known (this relates 
specifically to direct current two-wire circuits) it is, obviously, 
merely necessary to substitute the known values in equation 
(54) given above. 

Example. — What size wire (Fig. 91) could be used for a feeder to carry 
a current of 50 amp. from the main switch to a distribution center 200 



Fig. 92. — Circuit from main to panel box. 

ft. distant measured along the circuit. The allowable drop is 2 volts. 
Solution. — Substitute in equation (64) thus: Cir. mils = (22 X I X L) 
-i- F = (22 X 50 X 200) 2 « (220,000 4- 2) = 110,000 cir. mils. 

Now, referring to Table 154; the next standard size wire larger than 
110,000 cir. mils is No. 00 (which has an area of 133,100 cir. mils). 
Hence, No. 00 wire should be used. 

160. To Find the Current in a Circuit That Will Cause a 
Given Drop in a Given Wire of Known Lenglii (this relates 
specifically to direct-current two-wire circuits) formula (62) 
may be utilized as shown in the following example. 
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Example.— What is the greatest current that can Im carriwl l.y flie 
circuit of Fig. 92, which extends from a main, A, to a pnncl box, li, W) 
ft. distant, with an allowahle drop of 2 volts? 'I'he wire i« No. 10 a hi. h 
has (sec Table 151) an area of 1(),U'?0 cir. mils. Hoi.tiTio.v. .^ulmlitut.) 
in formula (52) above thus: / = (cir.mik X V) (22 >' [,) .. (lO.lWl 
X 2) -4- (22 X 80) “ (20,700 1,700) = 11.8 amp. Therefore, no cur- 

rent greater than 11.8 amp. could he carried by the No. 10 wire circuit 
of Fig. 92 without causing a drop greater than 2 volts. 

161. To Find the Length Circuit That Will Carry a Known 
Current Over a Conductor of Known Size With a Given Drop 
(this relates specifically to direct-curront two-wiro circuit h) 


Drop hn ^ 


•Siiffff/i' L ft f 




• ms wifw 9 Cf'r. 


Fia. -Arrnni^iifm lo ii nh’t’it 

equation (53) may uiilir,ei.i m sliowri in tlie fcilkiwiftg 

example. 

BkAMFDB.—Bome Mo. S eoppjr wire having (from T»Wo 151) an mm 
of 10,510 eir. mils, if availabki. It m iliMirtfii tliiil Jiwt tniinglt of il 
Uiid that th© drop in it shall Imi 3 volts- wli«fi a eiirrtiit of IMI li 


group of lamps as ifiowm in Fig. 03, How ifiany f«ii of mewU miwf m 
inserted hetw«ii th© switeh, ancl lli© Ittinp, St '■ Util#- 

stituto in formuk (53) thus: L « (dr. X F) *§* X I) • 

X 3) + (22 X SO) * (4%5S0 m) - 75 fi. idmmih *i 

th© ©Ireuit, sluite dlstM«, would be 75 fl. but tht Itfigilt wlw 
douhl# dittene®, would be 150 ft 

162. The Tomula for f %iirtog to P0w#r I^s* ia My 
CSondtictor, Mtor Altermting-cofTtat or Dipwet-cwtoli 




Sko. 71 GENKltAL 1‘iaNCIPLK.S OF aUiCOIT Dl-ISKIN 


129 




f 


I 

► 


may easily Im ckaivacl froni what has priKaaltai. It can lie 

shown:* 

(55) F - P X It (watts) 

Now^ fmrn or|iiation (41): It (11 X 1) cir. mih, llicii 
Hiibstitutiiig ihiii value for It in formula (55) the*, result is: 

mt}) (watts) 

cir. miiH 

Wh(!r(nn.“P “ ti»« power lost in tlic conductor, in watl,H. 
I => the current, in nmjKsres in the conductor. I = the lonf^th 
(douhio <listunc(i) of tlio conductor, in foot. Cir. mils “ the 
area of the confiuctor, in circular mils. 

163. The Formula for Computing the Power Loss in Any 
Direct-current Two-wire Circuit (tho formula also applies for 
a sitJglft-phaao altornating-curr(!nt circuit) follows from c(iua- 
tion (55) ahove and the fact that (see Figs. 89 and 90) douhio 


elistauce ecjuals twice single distance. Thus: 


(57) 

/^X2X11XD 22XPXL . ,, , 

eir* mm cir. mtk 

h<;nce, 



(58) 

/ « X cir. mils 

M 22 X L 

(arnperei) 

(59) 

, dr. mils X /* 

22 X V 

(feet) 

(60) 

22 X /* X L 
ctr, mils p 

(circtuliir mtli) 


Wherein,- — AH of the symbols have tho meanings horoinbefore 
speciliofl except that P »■ the power ex^jondod in the circuit 
in watts and L » the single distance of the circuit, in foot. 
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can bo indicated in pencil. If no plaiw lire furnished it wi!i 
usually be found profitable, even if the iiwtalliition ia Brnal! iuhI 
simple, to make a pencil sketch of the wiring layout ami note 
on it the load, in amperes, that the comhictors must carry. 
It is usually most convenient to reduce the loads from horse- 
power, watts, etc., into corresponding am{)crc values. 

Noth. — Whore the loads are thus rotluced to ampcrcit, the equivalent 
values are available for substitution in Iho formulas for coinimtiiiK wire 
sizes. Furthermore, it is neemary, in nearly every cuki;, to know this 
current each conductor will carry, so that one can bo rortiiin that the 
conductor is sufficiently large to safely carry it, 'fho rurrisnfs taken )»y 
are and incandescent lamps and motors of tlie diiTcreiit tyi»s and cajiaei- 
ties will be found in tabl<» given in the author's Amkiucan EnKerniciAna' 
Handbook. 

166. In Noting the Ampere Loads on a Wiring Plan, com- 
mence with the branches and if the receivers on the bramdies 
are of several different capacities, iiulicato opptrsito eacli the 
current it takes. Then, total the current values of tiach branch 
and note this final total at the point whore the branch Joins 
the larger conductor which fttods it. Place a drelo around tlie 
total value to show it is the total. If all of tho ret;oiveni on a 
branch are of the same capacity tho aggregate ioatl can Iw 
readily totaled without indicating the load at oaclr reroivor. 
If there is a probability of tho adtiition of future recoivors, 
indicate that they are “future" with tho letter “F," 

166. National Electrical Code Eules Require That Motor 
Branch Circuits bo of sufficiently largo wire that they will 


current of each motor us not<d on the plan and the nortna 
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t:n 

he tlia actual length if tlic loa<l in coruauitratcHl at tlie c,ui<I or 
it will he tliii fiLstiirice to the of gravity if the load 

in liistrihutccL When foiiral, thin (ILstarice is hhvaI m the, 
lerigtli of the circuit and is suhstituted for the Icittiu* L in the 

formiilii. 

168. la Measuring Plans a coiiveruent scale ca,u he made liy 
dividing, witfi pencil lines, a strip of drawing paper, possihly 
30 in. long, into *'feet” divisiorjs, to the same scale as that <»f 
the drawing under cr)rmideration. The numhea of feet rc?pre- 
scinted by each mark is indicated by the numeral op|,)osito the 
mark. In use, the 0 mark at one end of the B<^ale is placaal 
opposiia the starling point of the circuit and the papier strip 
is laid along the circuit. The Icuigth of the cireuit, uiilesi it 
is im long, is tlieri reiul dircadly from the strip. Siicli paper 
strips are very convenient, liecause they are cheap, liglit and 
easily handled iind they can \m bent to follow contours of <ur- 
cuits having irregular coi.irai.^«, 

ll»0 tfe# tiANmamm, thn hiwlinis: 

CmimA* 


SECTION 8 


CALCULATION AND DESIGN OF DIRECT- 
CURRENT CIRCUITS 

169. Direct-current Circuit Conductors aro nawt con- 
veniently calculated from forinula (r>l). Tlie examphw given 
under the following i)aragrap!i illuHtrate the apidication of tliis 
equation. 

170. The Calculation of a Direct-current Two-wire Current 
can be best explained by the consiileration of numerical 


4 4m/r*. 






example. One problem showing how the wire iiw for % 
feeder may be cidculateci was given in connection with Fig. 91. 

ExAMrut, — Whi^sise wire should l>o iwo«! for s branch circall in which 
the allowable drop is I volt; the eummt w 10 wnp. and the twin 

the start cd the dreuit to toe Itad ewstor is flO ft.? Hoi-uiion. ttulwti 
tute in formula (M) tto. CO-, mils (22 X / X W + F “ (SM X 10 

132 
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X 60) -r 1 = (13,200 cir, mils. Now refer to Table 154: a 13,200-cir. 
mil conductor is larger than a No. 10 wire and smaller than a No. 8. 
As a rule, the next larger size should be selected; therefore. No. 8 wire 
(which with rubber insulation will safely carry 35 amp.) will be used. 

Example. — In Fig. 94 is shown a diagram of a distribution installation. 
The wire sizes for each circuit will be computed below. The length of 
each circuit, or the distance to its load center, is indicated above the 
circuit and the allowable drop in volts in each circuit is shown with the 
length. The total drop allowed from the entrance switch, 5, to the last 
lamp on any circuit is 4 volts. However, the total drop allowed to the 
motor, Mj is 5 volts. The current, in amperes, taken by each receiver 
(consuming device) is indicated opposite the receiver and the total 
ampere load of each circuit is indicated at the starting point of the 
circuit within a circle. Each circuit is designated by a letter or group of 
letters. Each component will be considered separately. Solution. — It 
will be assumed that all of the conductors will have rubber insulation; 
therefore, their current-carrying capacities will be determined by the 
values given in column A of Table 154. 

Branch ABi. 

Load 4 amp.; distance, 20 ft.; drop, 1 volt. Substitute in formula 
(54): Cir. mils = (22 X / X L) F = (22 X 4 X 20) -3- 1 = 1,760 cir. 
mils. 

Now referring to Table 154, the standard size wire next larger than 
1,760 cir. mils is No. 16, which has an area of 2,583 cir. mils. This 
size wire would be satisfactory were it not for the fact that the National 
Electrical Code prohibits the use of any wire smaller than No. 14. Hence, 
No. 14 must be used in this case, (In outdoor service no copper wire 
smaller than No. 8 or No. 6 has sufficient mechanical strength to give 
satisfactory service.) No. 14 rubber insulated wire has a safe current- 
carrying capacity of 15 amp. hence, is amply large to carry the 4 amp. 
load in circuit ABi. 

Branch AB ^- 

Load, 6 amp.; distance, 40 ft.; drop, 1 volt. Substitute in formula 
(54): Cir. mils = (22 X / X L) -i- F = (22 X 6 X 40) 1 = 5,280 dr. 
mils. Referring to Table 154, the next larger size wire is No. 12 which 
has an area of 6,630 cir. mils and since it has a current-carrying capacity 
of 20 amp. wO.1 readily carry the 6 amp. of circuit AB^. Therefore, No. 
12 is satisfactory and should be xised. 

Sub-Feeder AB. 

Load, 10 amp.; distance, 30 ft.; drop, 1 volt. Substitute in formula 
(54): Cir. mils « (22 X J X L) ^ F «= (22 X 10 X 30) -M = 6,600 
dr. mils. Use No. 10 wire, which has an area of 10,380 cir. mils and 
which will safely carry 24 amp. 

Branch A At. 

Load, 52 amp. (see Table in American Electricians' Handbook 
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for currents taken by motors of different horse-power voltage); distanee^ 
30 ft.; allowable drop, 2 volts. Substitute in the formula (*54): Cir. 
mils = (22 X / X L) F - (22 X 52 X 30) 2 = (34,320 -i- 2) - 

17,160 cir. mils, Referring to Table 154, No. 6 wire, which has an area of 
26,250 cir. mils, is the next largest size. This wire would carry the 
current of the motor with much less than 2 volts drop. However, since 
it is specified in the National Electrical Code that branch circuits to motors 
must be capable of safely carrying a current at least 25 i)er cent, greater 
than the normal full-load current of the motor, a wire must be selected 
that will safely carry: 52 X 1.52 — 65 amp. Therefore, No, 4 wire 
musy} be used for this branch, which will safely carry 70 airtp. 

Branch AA^. 

Load, 5 amp.; distance, 20 ft.; drop, 1 volt. Substitute in the forrrinlfi 
(54): Cir, mils = (22 X I X L) F - (22 X 5 X 20) -t- 1 « 2,2CK)ftr. 
mils. In Table 154 it is shown that the area of a No. 16 wire is 2,583 
cir. mils so this size would be satisfactory insofar as drop in voltage is 
concerned. However, as above outlined, wires smaller than No. 14 
'are not permitted in ordinary wiring. Hence, No. 14 must be used. 
No. 14 will safely carry 15 amp., hence is amply safe for the 5 amp, loud 
of branch A A 2 . 

Branch AAz, 

Load, 5 amp.; distance, 50 ft.; drop, 1 volt. Substitute in the formula 
(54): Cir, = (22 X / X L) -5- F « (22 X 5 X 50) 1 * 5,500 a>. 

miU. Again referring to Table 154, a No. 12 wire, which is plenty large 
enough to carry the current, should be used. 

Branch A A 4. 

Load, 3 amp.; distance, 40 ft.; drop, 1 volt. Substitute In formula 
(54): (Cfr. mils) - (22 X / X L) F » (22 X S X 40) I » 2,IM0 
dr. mils. By consulting Table 154 it is found that a No, 14 wire ihould 
be used. 

Sub-Feeder AA. 

Load, 65 amp.; distance, 20 ft.; drop, 1 volt. Substitute in hmmh 
(54): Cir, mils « (22 X / X L) - 1 - F » (22 X 65 X 20) - 1 - 1 « 28,i:MMI 
dr, mils. Now, referring to Table 154, No, 5 wire, which has an area iif 
33,100 cir. mils, would satisfy the conditions as to drop. Haw ever, 
on sub-feeder AA, is, as indicated in Fig. 04, M amp, Tfiereforii, it 
would be necessary to use a- No. 4 conductor which ha« a safe current- 
carrying capacity (Table 154) of 70 amp. i^rthermaro, It ihoiilij bt 
notedthafcit was necessary to use No. 4 wire for branch AAi. Tlicrefori!, 
a wire at least as large as No. 4 wire will probably Im required hr ttib* 
feeder A A. In some localities the inspector might require the inilallii- 
tion of No. 3 for sub-feeder AA, 

Feeder A. 

■ Load, 75 amp.; distance, SO ft.; drop, 2 volte. Substitute lii forw^^uls 
(54): Cm' mOs (22 X / XL) -f- F - (22 X 75 X SO) + 2 - 
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<;ir. miBi- By ri^fiirririg to I'ahli^ B>i it in tividtnit that a No. 2 wire, which 
jaaB BiViTti vlr, iiiiLs, laay, muvv. it will nafoly carry 90 arrip. 

(^tbe loml is laii 75 aiy|i.) Im tmecL 

13xAMPLK.--^Vhat si/.c wire aiioiiltl ho usiKl for the line shown in Fig. 
0«>i which Bii|>plii‘a a 40-lLp., 22ihvtjit motor? 3‘he normal current of this 
jniotorj m ohtiiintitl from a tuhlcs of motor currents, is 150 amp. All of 
wiring is aBsiiiiiet! to he su|»port(Hi on a pole line or exposed. Hence, 
weatlicr-prtjcif iiiaiihitfsl ctjppr*r wire will he used on the pole line and slow- 
l^uriiing iri8iilii.t4td wire within the buildings. Boiujtion.— Load, 150 
^mp*y ciisiiifiee, 51KI ft ; iiliowahle drop 0.044 X 220 » 10 woto, ap~ 
Tproxi«'UiieIy. Bul.isfitute in 54: Cir. mih (22 X I X L) -h V 

«» (22 X 150 X 5CMIj 10 « 1,1150,000 »i- 10 105,000 err. mils. Re- 

ferring to 1'at)la 154, tlifj riftxt largest standard size wire is No. 000, which 
lias an area of 107^)00 cur. milH and will sahdy carry 272 amp. with cither 
elow^-l>uming or went he reproof insulation. Hence, No. 000 is tlia wire 
sijg© that shotilcl he umtcl. 


4 4 Ttfkmntr^ 

■'1 -I m 

. 3 ^ « 9M tOWn'fs, 

Fio, Ofi.'-'Hlise wire f«ir motor line. 


171. The Calculations for Direct-current Three-wire Cir- 
cuits are made in isssoritiiiily the same manner as are those for 
clirect-ciirrent two-wire eireuits. With the “ balanced” three- 
wire eircuita no current flows in the neutral wire. In practice 
circuits should bo very nearly bjilanood and in making wiring 


172. The Process In Determisiri; Conductor Sizes for 
Three-wto Circuits is alsmt as follows: The first stop is to 
ascertain the current which will flow in the outside wires. 
This value w obtainwl in practitM by adding together the cur- 



136 


CENTRAL STATIONS 


[Art. 172 


is then taken as the total current. The computation is then 
made by the same method as for any two-wire circuit. The 
neutral wire is ordinarily disregarded in the calculation be- 
cause it is usually assumed that it carries no current. The 



Fig. 96. — ^lUustrating how the ampere load on an unbalanced three-wire 
circuit may be estimated. 

neutral may* be made smaller than the outside wires but is 
frequently made of the same cross-sectional area. The drop, 
F, in the formula is the drop in the outside wires and is two 
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Fig. 97. — Size wire for three-wire main. 


times the drop of each receiver between the neutral and an 
outside wire. 

Example. — ^What size wire should be used for the three-wire sub-feeder 
of Fig. 97. Allowable drop is 4 volts, length of sub-feeder, 50 ft. and total 
110-volt load 20 amp. Solutiont. — Although the load is not balanced on 
* the author’s AumiCAja EiJscrrBXGXiNS* Handbook. 
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the two sides of the circuit, it would be assumed in practical wiring cal- 
culations that it is balanced. Actually, with the loads as shown in 
Fig. 97, 11 amp. would flow in the upper outside wire, AB, 9 amp. in 
the lower outside wire, EF and 2 amp. in the neutral, CD. In practice, 
it would be assumed that one-half of the total load (between neutral and 
outside wires), or (5 + 6 -f* 4 + 5) 2 == 10 amp., would flow in 

each outside wire. Hence: load, 10 amp.; distance, 50 ft.; drop, 4 volts. 
Substitute in formula (54) : Cir. mils (22 X I X L) V = (22 X 10 
X 50) 4 == 2,750 cir. mils. From Table 154 it is evident that the 

next larger size than one having 2,750 cir. mils area is a No. 14 which has 
an area of 4,107 cir. mils and which will safely carry 12 amp. Hence, 
No. 14 is the wire to use. 

173. The Actual Voltage Drop in an Unbalanced Three- 
wire Circuit may be calculated by using the formula (46). 
The operation will be illustrated with an example. 

Example. — Consider a circuit loaded as shown in Fig. 98. The circuit 
.is 373 ft. long, each of the conductors is of No. 14 wire (area, 4,107 cir. 
mils) and the load is unbalanced, the receivers on one side of the circuit 
taking 10 amp. while those on the other side take only 1 amp. What is 
the voltage drop in the conductors and what is the voltage at the re- 
ceivers? Solution. — The current in each wire is, obviously, that in- 
dicated in Fig. 98. To find the drop in volts in each wire, substitute in 
formula (46) thus: 
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Fio, 98. — Drop in unbalanced three-wire circuit. 


For wire AAi. 

F - (11 X I X i) mUs « (11 X 10 X 373) 4,107 « 10 volU. 

Foe wire BBi. 

F = (11 X / X Z) dr. mils = (11 X 9 X 373) -^4,107 = 9 volts. 

For wire CCi. 

F « (11 X r X /) -5- dr. mUs » (11 X 1 X 373) -i- 4,107 = 1 volt. 

The voltage across the two outside wires AiCi at the end of the circuit 
is obtained by subtracting the sum of the drops in the two outside wires 
from the impressed voltage, thus: 200 — (10 -h 1) = 200 — 11 =» 189 
volts. Therefore, 189 volts is the pressure across the two outside wires 
at the end of the circuit. The voltage at the end of the circuit between 
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the neutral and the upper outside wire is (see Fig. 98) 81 volts and the 
pressure between the neutral and the lower outside wire is 108 volts. 
The method of obtaining these voltages will be made clear by a considera- 
tion of Fig, 99 which illustrates the same general problem as Fig. 98 and 
which is further discussed in a following article. 

174. To Insure That Three-wire Circuits Will Be Balanced 
as Nearly as Is Feasible, the lamps and other devices served 
by the circuit should be divided between the two sides of the 
system so that the load on the two side circuits will be equal, 
for full capacity or for any fraction thereof. For this reason, 
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Circuit Dioigroim Voltage Drop Diagram 
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Fig. 99. — Effect of unbalance on a three-wire circuit. 
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Circuit Diagram Voltage Drop Diagranv 

I -Circuit Balanced 


three wires should be carried to any location where a con- 
siderable amount of energy is required. Three wires should 
be carried to every building in the case of an outdoor dis- 
tribution and to every distribution center in the case of 
distribution between buildings. In case many lamps are to 
be lighted at the same time they should, preferably, be 
controlled by three-way switches. 

Nootj, — ^A lthough every precaution may be taken to insure equal' 
leading on the two ^de circuits, it is possible that the balance cannot 
be maintained in practice. For example, it may occur that a great many 
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lamps are lighted on one side circuit of a three-wire system and very few 
on the other side. In the event of such a contingency the drop in voltage 
would be about twice its normal value on the side circuit having the 
larger number of lamps connected to ifc and the voltage across the lamps 
feeding from that side circuit would be correspondingly decreased. 
Simultaneously, the voltage across the lamps on the other side circuit 
might be raised. See Fig. 99, which shows an exaggerated example. 
The probability of a condition such as that outlined in Fig. 99,1/ is, par- 
ticularly in large systems, remote. 

176. It is Not Sufficient in a Three-wire System to Have 
Equal Numbers of Lamps on the Two Sides. — They should 
also be distributed in approximately the same manner. What 



Fig. 100. — Effect of nonuniformly-distributed load. 


may occur if the distribution of the lamps is not systematical 
is indicated in the following example. 

Example. — With a group of lamps requiring 100 amp. (Fig. 100) 
connected between the + and the — wire at one point, ABf and an equal 
connection between the neutral and the — wire, at the location CD 
some distance away, there would be a current of 100 amp. flowing 
in the neutral wire between point B and C. This heavy current in the 
neutral would involve considerable extra drop although the system 
would at the generating station appear to be operating in perfect balance. 
In practice, this local unbalancing of the three-wire system is one of the 
chief causes of variation of voltage. Hence, the possibility of its occurring 
should be minimized by intelligently distributing this load on both the 
side circuits of the system. It is because of this possibility that it is 
desirable to carry the three wires to every location where considerable 
amount of emrgy m required. 


SECTION 9 



CALCULATION AND DESIGN OF ALTERNATING- ' 

CURRENT CIRCUITS 

176. There Are Certain Factors Which Affect the Com- 
putation of Alternating-current Circuits wliich arc not en- 
countered with direct-current circuits. Tlie phenoiiietia to 

which these effects are duo are (among othttrs): (1) jKtwer | 

factor, (2) inductance, (3) iwrinittanco or capui-iiatuH!, and i 

(4) skin effect.’* Wlicre tine circuits are not of gnait length j 

it is not necessary to consider these effects. Uut, wliere tfn! ! 

circuits are long they may l>e of considerahlo eon.Heciuence. | 

Permittance luasd seldom bo considereti is.’seept with ralher- 
high-voltago circuits. Hence, tluise janinittHUcu effects are 
not treated. The method for designing —that is, for (’oriipjiting 
the wire sizes for alternating-current circuits of different char- 
acteristics — will bo outlined in following articles. 

177. Power Factors of the Apparatus or Equipment whicfi 
the circuit serves must often l>o known iMsftfro the cirimit can 




or cannot bo obtained from the manufacturer of the apparatus 
in question, approximate valuesf can \m used, Tho fsjwer 
factor of the load, if it luj other than 100 {»or cent., may affiwt 
the voltage drop in the line considorahly. This fact is hronglit 
out in a number of the examples which follow. 

Note.— F or ordinary wiring calculatbna where more ilrrmilit d«»n 
are lacking it can be assumed that the power faetitr of loads will lot niosif 
as follows: Incandescent lighting only, from IIX) {wtr cent, down to W* 


mm sttii •ipititttdi In »»#« In 1I19 

Wm&mAh Mmmmemt, 

t ^ ih» f»r « liti ^ 
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some reactance due to electromagnetic inductance* (see Tables 
190A and 190jB for reactance-drop values). The effect of 
line reactance is to cause a drop in voltage somewhat similar 
to that caused by resistance. Where all of the wires of a cir- 
cuit, two wires for a single-phase and three wires for a three- 
phase circuit, are carried in the same conduit or where the wires 
are separated less than an inch between centers, the effect of 
inductive reactance can ordinarily be neglected. Where the 
circuit conductors are larger than say No. 2 wire and separated 
from one another by more than a few inches, the effect of in- 
ductive reactance in the line circuit may increase the voltage 
drop considerably over that drop which is due to resistance 
alone. In designing circuits, every circuit which is long or the 
conductors of which are of large cross-sections or widely sepa- 
rated should be investigated for line reactance drop by utiliz- 
ing the methods outlined in Art. 190. 

179. The Line Reactance of Aerial Circuits on Pole Lines 
where the wires are widely separated, is apt to be relatively 
large. Line reactance increases as the size of the wire increases 
and as the distance between wires increases. These state- 
ments may be verified by referring to the values in Tables 
190A and 1905. 

180. Line or Circuit Reactance May Be Reduced in Two 
Ways. — One of these is to diminish the distance between wires. 
The extent to which the reactance may be diminished by this 
method is limited, in the case of the pole line, to the least 
separation permissible between conductors, due consideration 
being given to the separation required for insulation and to 
the separation necessary to prevent the wires from swinging 
together in the middle of a span. In inside wiring knob-and- 
cleat work, the minimum separation between conductors is 
limited to the minimum spacing specified by the National 
Electrical Code.\ Where the conductors are in conduit they 
then lie so close together that the factor of inductive reactance 
with them is ordinarily negligible. 

The other way of reducing line reactance is to divide the 

* See the author’s PaAOOTcat. ELBOrmciTY for a discussion of ©leotromagnetic in- 
duetance and reactance. 

t See the author's Wmiiru foe Liosep and Powbk. 
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copper into a greater number of circuita and to arraitge tlirnr! 
circuits so that there is no irnliictivo iateraciioiL in 

Fig. 101 the circuit of II will have hm irnliicfive rfmcf 4 iiK‘e 
than the circuit of /, althougli it has the mnw Iota! camilitr 
mils area, because it is sulxlivicled. How ami why HiilNiiviHioii 


Source of fnergy fSuffplif 
^ (W C ir. Mlh CenHut //r i ; _ 

I -• No t SuW i V *“ 


f V • ? -f • 


- 4' 


Fi(J, HU. -•Bhinving hnw $% rnny !»i’ 

decrejises the reactance of a circuit will be evidmii from a cmi- 
sidoration of some of the numerical axamfiles which follow, 

Notk.— Vollfigo drop in liticH, due to incliiftive rmmtmimf m hcul 
dinunished* liy nuhdivhiing tlic c(»ppcr or liy briiigitig tliii roiiilisrttirii 
close together. It is little ftfTecdal by changing the niifi of tin* cofidiictof. 

181, The Arrangement of Conductors in Polyphase Cir- 
cuits f will next l»o given con- 
sideration. Tlio directions for 


182. The Two Circuits of a Two-iduise Transinkslcm Shou 
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Such an arrangement may be effected by either of the two 
methods shown respectively in Figs. 102 and 103. Fig. 102 
shows the two wires, a and a, of one circuit and the other 
two, b and 6, of the other circuit at the opposite ends of the 
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Fia. 103- — Arrangement of two-phase conductors on crossarm. 
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diagonals of a square. With such an arrangement there is no 
inductive interaction between the two circuits since none of 
the flux lines due to one of the circuits can cut the other. 
Fig. 103 shows the two circuits side by side (they may be in 

any other relative position, pro- 
vided it is preserved through- 
out) and the wires of the circuit, 
b and 6, interchanged or trans- 
posed at their middle point. 
Such an arrangement fulfills the 
requirements since all of the 
linkages from a and a to & and 
b and from b and 6 to a and a 
in one-half of the transmission 
are exactly offset by the same 
number of opposite linkages in 
the other half of the transmis- 
sion. 

183. The Arrangement of the 
Three Wires of a Three-phase 

Fig. 104. — Symmetrical arrangement 

of conductors, three-phase circuit. Transmission Should be such 

that they are symmetrically re- 
lated. Figs. 104 and 105 show two methods of effecting this 
arrangement. In Fig. 104’ each of the three wires is at a 
corner of an equilateral trian^e. In Fig. 105 all three of the 
wires are on the same cro^arm and they are twice transposed. 



amruAL htatiokh 


IAiit. im 


One transposition, ^4, is at onc-thirci of the tniiisiniRHion tlis- 
fcanco and the otlier, ii, at two-thircis of the tniiiHiiiisHion 
tance. In Fig. 104, since each of the wires carrier the mmm 
current and becauHc of the Byinrneirical arrangfurif!iit of t!ie 
conductors, the inductive interaciioii lajtween any oiio wire 
and the remaining two is tlic same regardlesH of w'liicdi wire is 
considered. With the arrangement of Fig. 105 tlie siuiie con- 
dition holds and can bo \^orified by tracing the.' poHiiioiis of the 
wires throughout their lengths. 

3 vi-T ^ ' 'C 

:i| 

Fici, ma.— "Arrangf^mf^it of 

Notb.— The arrangement of Fig. lOS may he imd wliarfi all #f flit 
power is transmittoi to the mtl of tlie line. Wliiirc fill of llm fwifer it 
transmitted to the end of the line, only two immiumlthm^ A anti II, m 
shown, are nacewary. But if pfiwer i» lap|Mcl off at iiil#rrii«lial® pciiitli 
and perfect neutralissation of induetive interaction m iletirtil the wlnw 
should be interchanged as shown in Fig. ICI5 betw^n Icjeftlliiifiii. at wlilch 
**tap offs** to the line art made. Tlmtli, there slioiilil li© tiro Iranipiiii- 
tbns between the generating station and the im% tap off; two 
the ffrit and second tap off, etc. 

184. Where tiie Trkttgitlar Arrtugemettt ef 
Coaductors Is Employed tiie Wires May B« latercltttttgii or 
Traa^sed.— This is iiiiii.ec«w.ry, howivefi unliwi It Is ifti- 



tively independant. Where it is detirml that tli# parmitl tif- 
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ihroiil^li, llir! //, Ls iniornliangwl iwicu^ '‘riit? iliircly 

///, in iiif.f!rc*!iiirigr*«l flight iiincjHaiid the fourth would ht^ inter- 
changed 21 ) tiiiie.s, ete. If it h imcamiivy to inicu’cdiaiige tln^ 
lirnt fireiiit hecuiUHe of itny incicjualiiy in tlio of the tri- 
aiigkt, II iiiiiHt he taken an tlie fimt circuit, III as the necond, 
etc. Aim:) 11 runl III of Fig. lOi) may he followed in traiis- 
poHiiig Ihreit-pIiiiHe circnhiH, the three wires of wliicdi are on 
the same eroHsarm, im in Fig. 105. Then H in tlie first circuit 
and III m tlie second circuit and so on. 
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throughout their length. They are at one ciistanre a|iari for tim-t liinlji 
of the length and twice that distance for the reuyiining oiif^-tlyril. TIn' 
equivalent single-phase circuit must, thercffore, Imlwnm wirm n 
distance intermediate between that of adjacent and \%'mm in 

Fig. 105. 

Example.-— Consider a three-phase line of whicit the mljm'mi 
are 18 in. apart. The equivalent singk-phaHC circuits iniiKt Imve tlii’ir 
wires apart a distance intermediate betww^n 18 in. and 86 in. 
this distance is can he determined by referring to a table of wfiftaiircu. 
Consider a No. 0 wire and a frequency of 00 cycles. In Talile Ii^h4 ili« 
constant for an IB-in. separation is 0,228. Hint for 36 in. m (1.2511. 
Therefore, the constant of the equivalent single-pliitse cinmit in : Cfl.22H -|- 
0.228 + 0.259) -i- 3 « 0.2.'18, which corresparids to a spacing din tiifici* of 
about 22 in. This shows on© advantage whirdi ihis iriiifigulfir armrigii- 
ment has over that of Fig. 105, bei^atise for the same clist.iiiifo iMftwwn 
adjacent conductor, the reactances with the triaiiguljir afTfuigcrriiuit 
(Fig. 104) is 1ms than with that of Fig, 105. If an ficeiiriito ioliitioii in 
necessary, with an arrangement like that of Fig. 105, the liveragii cun- 
stant for any two wirM must be taken in cahnilating iliti ronciaiico vnlta, 

186. In Calculating Wire Sizes for Single-phase Altema ting- 
current Incandescent-lighting Interior Circuits forfniila (54| 

is ordinarily used. That is, ar. mil$ » (22 X / X L) 4~ V 
may be applied in precisely the mme way m if the eirciiit wcfrci 
a direct-current circuit. The r^ult which tliis fciririiilii will 
give is strictly accurate (aMuming 11 ohrni is the resistiirice of 
a circular mil-foot of copper) where the load is iiciiidiidiictive. 
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accurate metliod outlined in a following paragraph. From this it can 
be ascertained whether the voltage drop in the particular case under 
consideration will be excessive. 

Example. — Any of the examples given in the preceding articles for 
direct-current, two-wire or three-wire circuits (for incandescent lamps 
only, not for motors) may be taken as examples of single-phase alter- 
nating-current circuits if it be assumed that the lines have no reactance. 
As noted, this is a safe assumption for ordinary low-voltage open-wire 
or conduit interior incandescent lighting circuits. 

187. The Method of Computing the Wire Size for a Single- 
phase Alternating-current Circuit Where the Line Has No 
Reactance or may be assumed to have no reactance, will now 
be considered. For an approximate solution formula (54) may 
be used. This will always give a result which is on the safe 
side provided the line has practically no reactance. How- 



if-No Line R&xctance 


■400 Ft- 12 Ws Drop 


no m 30 h.p. - 
Motor 102 Amp, 



80% Power Factor' 


Fig. 107. — Wire size for A.C. circuit (no line reactance). 


ever, in applying formula (54) for alternating-current cir- 
cuits, the value of I, in amperes, must be the actual current 
which flows in the alternating-current line. That is, it is the 
current stamped on the nameplate of the machine or device 
served, or this value for I may be obtained by dividing the 
actual watts taken by the voltage times the power factor or : 
I = (watts) (voltage X power factor). 


Example. — What size wire should be used for the open-wire motor 
circuit of Fig. 107? The circuit is 400 ft. long and serves a 30-h.p., 
alternating-current motor which, as rated on the nameplate, is taking 
102 amp. Since the circuit wires are very close together there is practi- 
cally no line reactance. The allowable drop is 12 volts. Solution. — 
Current = 102; distance « 400 ft,; drop = 12 volts. Substitute in 
formula (54): 


cfr. mU$ 


22X1 XL 
V 


22 X 102 X 400 
12 


74,800 dr, mils 


Referring to Table 154, the next larger wire size is No. 1 which has an 
area of 83,690 eir. mils and safety carries, for exposed vore (slow-burning 
or weather-proof insulation) 150 amp. 
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188. The Actual Volts toss in a Sioilr jiha^r A!!i‘(nafijfiu_ 
current Line Where It Has No Kpatiantr Can lie Irelernnne4 
by Drawini a Vector Diagram <*» ^•‘.■s*'-. ■■’ki-lissi*--.! m ?}■„» 

following esaii)i»le. T)iJt> ts«>*!!*<t«l « su !•<- srwj jut »!j.* 
of any j>r*»W«in lu wlnclj Ui«? |)j»»'> r<'.i* iaij<r i-asi 1« Si<fi!<'*-u»»|. 
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m tlj«‘ It May wf*iii oijil fhjtf. ilw total volin drop in the linci in lorn 

I, hall till! p-.HiHtniiri! drop. Thus (MUiiliticiii m ilua to <asrf4iin propt*rtii!S of 
t’lirrfiifrt ami fri'fimaitly onnn-H. InnUmd of drawing a dia- 
%mm !il«‘ lliiit, of Fig. IfHI, tlio prohlorn i*ari alno ha nolvad hy iwing the 
diiigriiiin tm doHiTihed in following Art. lOOd. 

189. Where It Is Necessary to Find the Resistance Drop 
With a Given Conductor ftH’iiuda (f>l) may bo utilized m 

iiiiiinited in thci folkiwiiig example, 

ExAMrf.K. ■■ -Wlifti in the rrMintaiica! drop in a drcuit 4(K) ft. long of N'o. 

1 iriro wiii»ri it in carrying 102 arnp,? HojtamnN.* F'imfc from 'Faldo 

mod it in foiifid lliat tlio iiroii, in oirrnlar miln, of a Ko. 1 wiro m H3,0iH.h 
Now Bill wti I II ling tlio valnm in formula (fd): 


22 X / / /. 
nr. miiM 


X 102 X 400 
H.'hiHm 


0117,000 


1 1 . 0 tmllM. 


190. The Graphic Method of Computing the Wire Size 
for a Single-phase Alternating-current Circuit Where the 
Line Has Reactance will now Ihj explainod. Tlioro is no tlircct 
mothoii of solving such prt»l»l«m8. Ono sorvicoablo mothtKi 
is that {which will ho «?xplfiinod) of aamiming a certain con- 
ductor on the hiisis «»f energy (not voltage) loss and then 
chfa;king it graphically (or with the Morshon diagram of Fig. 
1 lil) to amsrtain whether or not the voltage loss in it is oxcoh- 
»ive. If th« voltago loss is oxcessive, a comhictor of another 
size must lj« tried or tho circuit must te subdivided, a« sug- 
gested in a prectaling article, until an arrangomont of eon- 
dttefors is found which will maintain tho drop within the 
H|H!cified limit. Tim graphic rnethcKl is best explainod by 
the noliition of sis'cific examphsi. Figs. 110 and 111 show 
fyj»ical voltjuge vitrtor diagrams for circuits, tho component 
v(*<‘tors iMjing lalmted on tl«e diagrams. 

t-lxAMri.e.— What tixe wire sttouttl be used for the einglo-phsiie eireuit 
of Fig. 1 12? The load eueidata of twelve hundred W-watt inuanrlMcent 
lamp* watt* USal); the power factor is 98 per cent.; the fcwlor is 

ft. Ifirtg and the veltaga at ita end is to he 120 volts; thn conductors 
an* supportMi on a iK>k line 8 in. apart; allowable energy loss is 10 {wr 
cent, of tlet energy trananiittwi and the voltage drop in the line must not 
lacced 10 or 12 }>er cent. (Ihle is a much greater voltage drop than is 
ordinarily allowable. It is used in Ibis probkm to exaggerate tlie valtiist 
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involved and thus bring out the facts.) Solution. — First find the cur- 
rent which will flow in the line, thus : 


P _ 60,000 

VXvJ. " 120 X 0.98 


510.2 amp. 


The allowable energy loss is 10 per cent, or 0.10 X 60,000 watts ~ 6,000 
watts. The size conductor that will give a loss of 6,000 watts may be 
determined from formula (60) thus: 


dr. mils = 


22 Xl^ XL 
P 


22 X 510.2 X 510.2 X 525 

6,000 


510,000 cir.mils. 



That is, a 510,000-cir. mil conductor would maintain the energy loss 
within 10 per cent. Consider the vector diagram of Fig. 113. Find the 
lag angle 4> corresponding to a power factor of 98 per cent. This, from 
a table of cosines, is found to be 11 deg. Lay out angle cf> equal to 11 deg., 
as indicated in Fig. 113. Now, lay off OB proportional in length to the 
pressure to be impressed on the load, 120 volts. 

Lay off BDf parallel to OA, proportional to the resistance drop in the 
line. This resistance drop equals the line resistance times the line cur- 
rent. From Table 190A, it is found that the resistance of 1,000 ft. of 
600,000 cir. mil circuit (2,000 ft.^f line) is 0.035 ohm. Then the resist- 
ance drop is calculated thus: 

i X i? = ^ ^ ^ 

1,000 

That is, the r^istance drop in the line of Fig. 112 is 9.4 volts. In the 
diagram of Mg. 113 BD is thm Ifdd off proportional to 9.4 volts. 
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Now lay off DC afc right aiiglen fo HI) pro|»ortii)nnl to ilie reaeianee 
drop of tiie line. 1'he nffu-tanre (iroi> c'quak iiJn' line rmrimmi) X {Ihe 
line current). ¥min Table 190.4 it m found that the reacdanoe drop of 
1,000 ft. of 600,(H)0-cir. mil (dreuifc (2,0CM) ft. of eonrliu'ior) for a fre- 
quency of 60 cycles and a wire separation of H in , 0. M l (diiii. The re- 
actance drop is now cahuilaled thus: 

/ X .V = (r.i(,,a X 

A line, 00 (Fig, 113), is then drawn ami it will l»e |irrqH»rtioriiil to the 
pressure, 137.5 volts in this case, %vhich naist Ih» iMi|ae,wci on the end of 
the line nearest tlio generator (Fig. 1 12) to maintain the vciltage at the 
load at 120 volte. 

The true volte line Ions is proportional to t he ilifferiuH*e Ind ween the 
lengths OB and OC. It is obtained by striking the arcs EE^ and FF^ 
and measuring the distance (I between them. In tliia esarnple the? true 

fX3 * Tf-m mrf imf,^ T 

E I 

X 


"^''*''''"1''' 'I'"''*' 

Fia. 1 14.— 'Solution with SO0,CMKI»dr. full 


line if 20 volte. Th© percontago volte tiriip te 20 MM f»r 

cent., which is too high to mtmty tlit of tills tixainpte, 

wherein it is speciffed that **tbfi allowable vollago fimp la lit# II n© must 
not excoM 10 or 12 |»r c©nt/^ Hence, auolliir coiifltietor arratigemiirit 
mt3»t h# trW, 

Tb® volte line drop in this cms@ k due nminly to r««toneif (Fig. 1 13) 


],^A« ^60 Cycles. — ^Table for Finding Drop in A.-C, Lines with the Mershon Diagram of Fig. 116. — ^60 Cycles 
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Reactance-volts in 1,000 ft. of line (2,000 ft. of wire) for 1 amp. at 7,200 alterna- 
tions per minute (60 cycles per second) for the distance given in inches between 
centers of conductors. (The values in these columns are really the reactances of 
2,000 ft. of conductor) 
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04 04 04 
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04 04 04 04 

1 For other frequenoi^ the r^ctance will be in direct proportion to the frequency. 

How to Use die Mershon Diagram. — By means of the above table calculate the resistance-volts and reactance-volts in the line, and find what 
per cent, each is of the e.m.f. delivered at the end of the line. Starting from the point on the chart (Fig. 115) where the vertical line correspond- 
11 ^ wili power factor of the load intersects the small^t circle, lay off in per cent, the r^istanoe e.m.f. horizontally and to the right; from the point 
thus obtained lay off upward in i>er cent, the reactance e.m.f. The circle on which the last point f^ls gives the drop in per cent, of the e.m.f, 
ddUvered at the end of the Une. Every tenth circle arc is marked with the per cent, drop to which it corr^ponds. See accompanying examples. 
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cuit. With the two 3(>0,(K)0-<!ir. mil einmitH, the fmmitmm drop will 
remain the aairio iis before, hecatiHe, although eaelHuRKliietoris ono-lialf 
the size it was formerly, it carries but ono-half the ciirront that It did 
formerly. 

Lay out a diagram like that of Fig. ILL The finglo 4> will again be 11 
deg. and the lines OB and Bl), representing, nmiaietively, ilia voltage 
impressed on the load and tlxe resintanco drop in tin? line, will he propor- 
tional to 120 and to 9.4 volts m before. 

To lay out C/>, which is proportional in length to tlio reaetariee drop 
in tho lino, refer to Table 190A and note that the reiwiiineci of 2,0(X) ft. 
of 300,000 cir. mil conduotor {I, OIK) ft. of cinmit) in, ftir an H-in, separa- 
tion and a frequency of 00 eycles, 0. OK) ohm. Tliitn the reacdance 
drop will be (tho current is now one-lialf of the forim^r current or 510,2 
2 « 255.1 amp.): 

0 100 y .v^'> 

/ X A' •= (2r>r>.l amp.) X ' j “ ■■ 21.1 imltn. 

DC (Fif?. 114) is, then, laid off proportiitnal in lonRth to 21.4 volts. 
Tho line OU is now drawn and it is fonnd that it scales 104 volts. Tho 
true volts drop in tho lino, G, is found to mousuro l.'l.S volts. Tho por- 
contago drop is, therefore, now l.'iS -f- 120 ■» 1 1.3 p<T renl. Ifnnee, tho 
arrangement obtained by subdividing the circuit into two IMXl.OOO-cir. 
mil circuits in parallel meets the nsiuircnients of this exaiiiplo. 

191 . The Determination With a Mershon Diagram of the 
Wire Size for a Single-phase Altemating-current Circuit 
Where the Line Has -Reactance will now l»o consitlortxl. Tho 
problem solved in premiing Art. 190 anti similar ones can bo 
handled more rapidly and with less effort i>y using tho Mershon 
diagram (Fig. ll.’t) than hy following tho graphic method just 
outlined in Art. 190. However, it is desirable that one l>o 
familiar with the graphical methori of Figs. 112 and 113, be- 
cause it can Im» utilized when the Morrfion dijtgram graph 
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mvtt ihm li f 4 >iidii(Ttor or a dilTmnifc arnmgonient of coriduc- 

iiirfi iiiiiat hf iwnL 

Wiiiil nht^. tvire Klmiilcl he used for the feeder circuit of 
fig. 11 * 4 ? "rhe h'liid roUHintM of 21 kw. ( 21 ,fK )0 watts) of rucrcury vapor 
hiiri|»fli. llic rir«uiit ia ll,M) ft. long, line pressure at the receiver end 
filirnild lift 2 W volt.#i. I 1 ift tvirea are carried in conduit. The power fac.- 
tiir of thii fiicrcury lutpt^r liiiup load is 9 H per cent. The frequency is 
IMl cyrloii. Tlift lUiorgy h*fm should not exceed 2 per cent. The true volt 
line flrof j iiliouiti not exceetl 2 per cent, of the receiver voltage. Solution. 

Tlie iillfiwahle energy terns » 0.02 )f 24,000 ^ 480 watts. Allowable 
Vfilti drop ■■■■ C)i.l2 X 240 ^ 4.8 mlis. 


Dhtrltuitim B&n I ..... 
Limits 24 Kw, ^ 
(Ppmrfmt&r k MZ 


•» >■ - 


f >. “ '■#> 4 CififSB^rs 


Wrey^hfirm 

Ctr^uit 


Z40 Volts Hm 


Fill. of suse of wir# for an alternating-current circuit 

In conduit. 


ii%nr. rnrrrfil 


K X V I' 


24,000 

* ifi)' x“o5i 


» 102 amp. 


Tt# c«iiiipiili.i the mm rotiducior that will give a 480-watt energy loss 

ffiriiiiilm OH0 in ihiii: 


rir, toiIj « 


102 X 102 X 22 X 100 


» 47,700 dr, mUs. 


Kfiw a 47,?0l<ir. ftdl eondticlor (Table 190AI) most nearly corresponds 
to a Mo. *1 mim wtiteli liis an actual area of 52,030 oir. mils and, with 
Rililinr iftatilttlion (wltleli iriuil be used, in conduit wiring) will safely 
eiirry 711 amp. However, the toad in thk problem is 102 amp., so No. 3 
ea-n not Iw itufMl. Mm, I wire, which (Table lOOdl) safely carries 100 amp. 
anil wlilcii wcitiid tmmh for Ilia amp. of this problem, will be cheeked 


it m Mmi imrfm^ry to find the i»litance drop and the reactance drop. 
Froffi 11104, the of 1,000 ft of No. 1 two-wire circuit 


CKNTUAL HTATIOMB 


IAkt. 111! 


in conduit are about H in. hctwcHui luiuters) is 0.02H filuii. llierj I hi* 
reactance drop, which ecpials eurrmt times nacMncr. in, for KKI riiTiiit ft.; 


().02H X 100 
1 X X ^ (102) X * 


> 0/280 


The percentage drop is: 0.2HG -i- 240 — O.CMllIf) 0.12 p'f frnl. 
Now refer to the Mersiion diagram of Fig. 115 and lay of! the |rt*ri*eiitagf 
reeistanco and reactance drops above found &i suggenlf'd m tig. 117. 


I jN vt’-nt) i:,; 


i !- i ! ;\ii iiVir 


1 1 iimt ^ - V ,, ; 

I I'TMBVfiMU- 

■ j " ^ j ''j* * 


illiili 





Fill. 1 17 . —Showing tli» applieatloft of ihe Mtwiinii illigfiitti I# llw iirnliliftii 

of Art. 1#L 

Fiiiil the vertical Iln© in lisa dlairaiit corrcaijfiiiflini to tl» fMiwiir fwitor— 


drop, Ihiit i% 1.04 (fthoiit 1 horfsont&l fllv.lsioii in l«tiitli| ft»i from tliw 


1 

I 




/ 


► 
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llio voltai^e iiiipreaHCKi on tim end of tlie circuit noarcai the gencsrat-or 
wfiiilti iiiive to l>e: 2it) -f- 2.4 ^ 242,4 voltn. The true line {iro|>, 2.4 
VfiltH, hi well within t!i,c 4.H-%niit limit specified in the example and the 
energy Iohh will hr* if*Hg thiin 2 per <tent. because it was necessary to use 
Ko. 1 wire to entry I lie current. 

Exampij-:.- What nrm ruhlmr-insulation wire should be used for the 
eireiiit (Fig. I IK) to the f#0-h.p., hO-rtycIe, single-phaeo induction motcu 
there illtmlriifed? The efflciem'y of the motor is 00 per cent. Its power 
fiirtor in Ho per eiuit. Hie conductors are to bo exposed and 4 in. apart. 
k 4 per cent, energy loss is allowaldo and the true volts line drop must 
not exceed 0 or 7 |ier rent. Hcjlutiok.— F irst find the load in apparent 
watts: 


Ap^mrrni it'niiM 


idw' rurrrni 


kp. X 7ii\ m X 740 
E X p,f. O.h X O.Hf, 
npiMirt-nt imilH 4H.75H . ^ 

f] 240 “■ 


4H,75H apparent watU. 



hp, ^ 740 g.'M 


4 CfifHfurt§r» 

■ mff, - 



, . JT 

Mbim r, : L. 

Ffo. 1 1 S.“— Another exampio In computing «l»© of an idternating-currcnt 
circuit conductor. 


(IJilially in solving practical niotor-eireult oxamphis the current can 
Imi read iliriiftlly frciiii taldi».) 

Afiwd mdi$ ^ uppmM waits X p./. 4H,75S X 0.S5 «* 4I,MK) milk. 

Allowable energy km k 4 |Mtr ctnt, • 0.04 X 4I,5(K) » 1,000 wait$, 

Tim ilia riniiliicti'ir tliiit will give a 1,^0-waV line low with a line enr- 
relit of lilA amp. i» foiiiwl tlitii*. 


X 22 X 5 2W X 200 X 000 X 22 

^ " 1,000 


52«,(KX),000 - 


21 - 8,000 cfr. wil«. 

ruTMi n*fK 



Ctr. mik 



Altenmiisg-cmFeBt Circuits may be made oa this 


Skc. !>1 
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mi€l#i7ii:« drop arr ronrrrurd^ be repUiccd hij two ungh-phme 
cirmiiH idruHail (m in nizc of ’wire, distance between wiren, 
curnmi and ejn.f.) triik itm circuilH of ike Iwo-phme iramnm- 
BUM^ prorided ihnt in hoik ca^scH there in no inductive interaction 
between circuUn to ealculatcs a four-wire, two-phaH<5 

circuit, mmipuim ttio circuit rcKpiired to trauBmit 

oiie-lislf fiowtir iii tlie Haino voltage. Thou the two-pluiHO 
trarisiuiBBioii will nifiuiro two nuch circuitB. 

193. The Detemifiatiou of the Wire Size for a Two-phase, 
AHeraatiug-curreut Circuit Where the Line Reactance Is 
Negligible iiiny ho hiiHotl ou iho truth outlinod iu the proeod- 
iiig Art. 192. This inotliod may, ordinarily, bo used for 
iiiiorior waring circuitB iin<l uruior the same conditions as 
8|aa;ified in prccoding iirticlos for singlo-phaso circuits. If the 
IKiwor-fiiclor of the IoikI is HKI |)cr cent., the load balanced, 
and the line hiiH no reactfance the result obtained by using 
tlie 0C|iiation givciri biilow wilt (asHinning II ohms is the resist- 
ance of II circuit rnibfocit of copper) l>e correct If the power 
factor of I lie loiul is Imn ihiin 100 per cent, and the line has 
no or very lilfJe mmimm the true volts drop in the line will, 
fi« mitJiiied in Art. IK8, tie soinething less than the volts drop 
nq'mmmiinl by V in the following formulas. 

HfrrK,- “'Ill eiilciilfilliig fi lwo*phiiii circuit by ilia inefchocl to be de« 

mnlml^ the iiiit step (tiiiliiw the ctirreat |ier phase is known) m to find 
oii©4ialf of III© liiliil iMiwer bad fed l>y the circuit. ■ Than find the cur- 
rent ill airifMiff?* mftmpomUng to tliii onii-hiilf total power load with a 
biikiit*i!il twopliwKi foiir-wlra alriuit. The currant corrMponding to 
riiMj-liaif ill© total loml will l»i tliii currant In the ouiiide wirti, hence, 
may be ciinipitt«i with tliii folltiwtiig formula: 

P 

Cil) ! -» dM X £ ^ (amperes) 

Wliiirtiiii.— I » Iht iiii® ciirriinl, lii amp. P ^ the actual power load la 
wiill*. M * ih« voltagi on the lomh p/. tlie power fMtor 

of the loath 

Wlita lilt cufteiil vttliiii, I, Iim \mn oblatiitd with llie abo¥® foritiula 
fir if tli« emttmi p§f whlcli m Ih# mm% thing, ii known It k 

tii^ la foriiiiib ffl} wiiicli kt 


U 


€ir^ mM$ 


%%XtKh 

V 
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Wlierein.— -CtV, mils «= area of conductors, four of wliich will hi! ri*t|iiirffi. 
I = current in each phase, in arnperes. L = singiti cliiifiiiiri* n! tlii? rir- 
€uit, in feet. V = allowable volts dro|) in the circuit. 

Example.— What sizi’. wire siiould be used, for the iwo»|ilutHe circuit 
of Fig. 120? The load consista of 5o kw. in iruuincluscttrit IriiiifiH. Tin* 
power factor is 100 per cent. The single distanc’rj is ft, iillow- 
able drop is 2 volts. Conductors arc to be carried in comliiitj b«*iicii iiiie 
reactance will bo small and can be neglected. 

Bolutio^^.— First find the line current (current pijr pluiw* from foriiuilii 
(Ol) above) thus: 




Vfrp 


Pig. 120.— Size wire fcir iwo-phasc clrcniii. 


Therefore, 250 amp. wdll flew in each wirii. Now siibsfitiife In ihe fur- 
mula (54): 

. 22X1 XL 22X250 X:iCK) 

ar. mm » ^ ^ ^ ^ hT 5,CII)II rsr. m%u» 


A-4m,m(k ml 

I 


4 

• Of J 


4' • hUstn 


Fia. 1 2 L— Arrangement of eoadiietorii for Mampli of Ft*. 120. 

A 9CK),000-cir. mil cable might ba used which woiilci (froin Tililii | 
safely carry 600 arnp. Four iuoh cabl« would bo for tliii idr- 

cult. But a §00,00(bein mil cablo would h§ bw lurgri i« 

handle rmdily to draw into conduit* Fiirtlifrinort, lt« ikirt iiBwi* 


i 


fi. 


f: 
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Example. — What size wire should be used for the branch circuit to 
the 220-volt two-phase motor of Fig. 122? The motor is rated on its 
nameplate as taking 44 amp, per phase (if the ampere per phase is not 
given it can be computed from the formula given in the preceding ex- 
ample). The circuit is 110 ft. long. The allowable drop is 3 per cent. 
Solution. — The allowable volts drop is: 0.03 X 220 = 6.6 or say 7 
volts. Now substitute in formula (54) : 


Cir. mils — 


22X1 XL 
V 


22 X 44 X 110 106,480 

7 “”7 


15,211 dr. mils. 


-no Ft 1 Volts- 


'''2-Phase Supply 


20 h.p. Motor, 220 Volts 
2 Phase, 44 Amp, 



Pig. 122. — Find size wire. 


From Table 190A the next larger standard wire size is No. 8 which has 
an area of 16,510 cir. mils and which will, with rubber insulation, safely 
carry 35 amp. This being a branch circuit to a motor, it must be capable 
of safely carrying at least a 25 per cent, overload: 1.25 X 44 = 55 amp. 
Hence, No. 4 wire, the smallest size which will safely carry 55 amp., must 
be used. Four No. 4 wires from the switch to the motor would constitute 
the circuit. 


194. The Determination by the Graphic Method of the Wire 
Size for a Two-phase Circuit Where the Line Has Reactance 
may be made on the following basis. The computations are 



Fig. 123. — Find size wire for two-phase circuit. 

based on the following methods which are similar to those for 
single-phase circuits where the line has reactance. They may, 
therefore, be made either graphically or with the Mershon dia- 
gram of Fig. 115. The first step is to find one-half the load 
on the circuit under consideration. Then proceed with the 
graphical or the Mershon diagram solution just as if the cir- 
cuit were a sin^e-phase circuit carrying this one-half load. 


f 

I 

I 


Example. — ^What siz© wire should be used for the feeder of Fig. 123? 
It serves a two-phase load comprising twenty-four hundred 50-watt m- 
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candescent lamps. The power factor is 98 per cent. Tlie circuit m BiU) 
ft. long. The pressure at the load end of the feeder slioiikl Im 120 volta. 
The conductors are supportcKl, 8 hi. between centera, cm n jmiIo iine, llio 
allowable energy lose is 10 per cent, of the energy traiminiitc*cL The true 
voltage drop in the lino must not exceed 10 or 12 per cent. Hcilijtiox. 
Find one-half of the total load thus: 2,4()0 wnttn X 50 mtiin pir imnp 
120,000 waits is the total load. Now one-half the* total load in: (120,010 
waits) -I- 2 « ( K ), 0()0 wails. 

From this point on the example is solved by preciHcly the same iiietlnMl 
as that illustrated in connection with Fig. 112 (t.lie load in tlio prei«*rit 
example was taken purposely just twice that of the Mg. 1 12 loud to 
illustrate the principle). For this iwo-phiise circuiit with a 
total load four iKK),0(X)-cir. mil conductors might be used and wit h tliciii 
the tma volts lino drop waiuld be 21 volts (lug. I b'i) or tlie same m if 
two 600,000-cir. mil conductors w*ere used witli a tKyMMI-wiitt load on 
a single-phase circuit. 

Since, however, a 12 i)er cent, drop should not mini in the cirriiit o! 
this problem, each 000,000-cir. mil conductor can be into two 

300,000-cir, mil conductors in order to rtiduce the fine r*»actiiiice. With 
the conductors thus split up, as in the example of lug. 121, lliu tniii volts 
line loss would be (Fig. 114) 14.5 volts or 12 per cent., wliirh fniMjiii tlie 
conditions of this example. Eight mil mndiictoni wuiiild 

then be required for this two-phmm transmission and they should lui 
arranged in amannerilmilnr to that miggested In thn ex ample of Fig. 121. 



196, The DetermiaatioE, With the Mershoii Dkgramt 
the Wire Size for a Two-phtse Chcttit Where the Lia# Hm» 
Reactance will now l>e explain^l As wiili the grajtliie frifitiiml 
dMcribed in the preceding article# the first itep k i<i fiiiil mm* 
half of the total load on the eireiiii Then proiwil with this 
0E0-hdf total load as if it were the entire load cm a iinglti* 
phwe drenit. 

What Blm wire ahoiild lit iiiid for tliii Iwo-pliiai fwlur 
eircull of Fig* 1241 TIi# lead consMs of 4S kw» (4:S,CIII watte) la qmmU 
lamp* The elremit Is IW ft. long. Th® *1 ttie t««tif tr iif 

tibe ekoult to ht 249 volte. Tlie wfr« ar« carrl^ In eo«d«il, Tli« 
pwer factor d th# la»p 'Ic^^ Is §8 pr ^1. Tht to » tf elm 
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llie fiwrgy !c»hh mIiuuIc! Ht»i i^xfiuid 2 per tu^.nfc. Tho volte line drop should 
nut exceed 2 |>cr cent, of the rfM!eiv(?r voltage. Solution.''- -F irst find 
c>n.C“Iialf till* total loatl, thiin: (dH,(KK)) •*:* 2 ■'■■■■ 24,(l^‘ld waits. From this 
point on tlie examplr* i« solved in pratirndy the same manner as tliat of 
Figs. 1 15 and 1 1 7. (Thft hmd in tlm prcisent oxarnpks was taken purposedy 
just twice thiii in tho Hirigle-phase exariipio of Fig. 116 in order to illus- 
trate tiie I'lrinciiile.) The fit.hiT conditions of tlie present two-phase ox- 
ample firi! the same iw thoHi? at the .single-phase exam|)lo of Fig, 116. 

For this two-phase einniit %viih a dH^CHKFwatt total load four No. 1 
wirf« slioidcl he uscfl and with them the true-volt line loss will be about 
I per fiiufe at 2 A voItM the same as in the two conductorn of the iingle- 
pha«e circuit aerving the 2-hCKMhwatt load in Fig. IHh 


I , 4 " ?wv. .t 

* * » * ; /4V//,Av>wf 

k ... .... ’"”***’^ 

Fio. Find nlm wire find voltage drf>p. 

Eiamflk.— T he for the example of Fig. 125, whk;h ihows a 

ICMhfi.p, motiir feti by a iwo^plifnie eirenit, m the same its that for the ex- 
ample of Fig, 1 16 sliowa a HCFli.p. motor fial l,)y aainglo-phase eir- 
ciiit All of I lie coridiliofm, with the exception of the horse-power rating 
of ilie fiiotor, fire tlici iame for botli probhims. Hie problem ii worked 
out for Fig, 1 114 for tint sitigle-pliase 50-h,p. loatl. The solution for the 
tw«>*pha«e circuit with m l-064i.p. loati (twice the single-phije load) m 
preeiaily the mmm for the liCMup, singlo-phaiie load, after one-half of 
the Iwo-plifiw hmd lia.« bi^ui found thui: (160 lup.) 4- 2 *» 50 h.p, 
Ifowtver, two ll6C'l,{MMkdr. mil eonduotora are used for the 50-h,p. sirigle- 
pliiise circiill and fuiir 4CMI,6tlO-«jir. m.lt eonductoni are uiofl for the lOCF 
li.p, Iwo-pliaie elreisit. 
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V X dr. miln 
m X / 


Wherein: Cir. mils = area, in circular iuiIh, of «!fiC!!i of the three 
wires of the balanced throe-pfiaHc circuit. 1 - the ctiirrtiiii, in 
amperes, in each of the throe wires. L - the Hiiigledistaiic^iMir 
length one way of the circuit in fcKit, V - the allowahle 
drop, in volts, in the line. 

197. The Conditions Under Which the Above Three-phase 
g Formulas May be Used mn 

/ l>o spocifiod thus: they arii 

A ordinarily suflickuitlyaccuiriitii 

for inierior-“Wdriiig circuits liiifl, 
under the condiiiouH as «pc!ci- 
fieri in Art. 186, for Hinglii- 
pliase circiiilB of small lino re- 
actance. If the power fiickir 
of the load is KMI pir cent., 
the load balaricocl and Itie line 

P«ori20.-8L^Xgv«cU,rr.4BtI..w «« reflRtttncfi, th<3 «»«lH 

of drop* in a lialancod tlirftvphane givon l>y thc I)ri!i:f!(iing forin- 
“*”“**■■ iilas will be thtjoreliailly cor- 

rect, aBsuming the resistance of a circular iiul-ftKit of cof>- 
por is 11 ohms. If the iK)wcr factor of the load is less 
than 100 per cent, and the line has no or very little reactance 
the true volts drop in the line will l>e something Icses than the 
volts drop represented by V in the preemling eijuations; ms 
Fig. 108 for an illustration of the principle as applied to single- 
phase circuit. 




I» X / X L 
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fill* drop In voltag© in n ihrot^pluwo eirouit. 


11 XU XL 
fdr. mil$ 


Tl» drop oblairiod by Iba above ^uatbn It sometimas called *^lh© drop 
to aeatral/* Kow il m evident from Fig. 120 that the drop in any two 
Ilf tli« eoadiictow of a tbrae-pbai# cireutt, for ojcarnplo in AH and 
J^IJ* (Fig* 1^) wonicl lit: LT3 X tM dmp in m$ of the eomlmtom, 
III# total drop in tlie two eondneton may bo ©xprewed iliui: 


I I X / X L X 1.73 ^ 1§ X / X L 
«>. mUe dr. mUe 


friiifi lli« aliovi ©ciiiatJon It follows tliai fut a tlirfio-plt8«i oiriniit: 


age m'iros at tlic* load would a<*iually he, an nhown in ilie pi<d.ur<j, 

108 volte. 

The rcMion for thin is tliat the ci.m.fs. in A/1, A^IP and are not 

in phase %¥it!i one another. Hence, the voltage drops in theso tlirecj 
conductors are not m phase with one another. Since the e.rn.fe. in thcs 
three wires of the three-phinic circuit differ in phase hy 120 deg. if there 
is a drop of LIS volts in each of the conductors the total drop across any 
two of the conductors will be (as shown in Fig. 120) L10 X L73 2 

How", the drop in one of the wires of a balanced three-phase circuit 
(for exainplfi A /I, Fig. 127) may he computed from formula (40): 

^ ... 

^ - k/ ■ - ■ ■■ ■ - 
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/.•HI. X r>KO 40X5, SO 

^ /'/ X ?>./. ’ T20 X 0.7 ' 

Kow subHtitute iu tlio abovtj formula (r»2): 

WXlXL 19Xir>lX4fK) 

ar. miLH — „ 

F {» 

Fuses., .’Smtdfes 


I5i fiw/i. 


I!ll.2r»b rtr, mils. 


X* . .Three Suf^fy Mein 


THtV ■ ^ g 


4\'n^ T. t 
A“«nr/' 


Fi(i. 12B.— Find win^ mxi* for vitr%iUn 


Ileforring to Table 10-0/i ; the next larger wire mm m No. (MM) whkh hm 
an area of 211,(K)0 air, mils. Bince this m a motor cdreidt, it iiiiist hii 
capable of carrying a current overload of at Icfist 25 |M!r cent., hifrice fliia 
csirciiit must be capable of safely Itandliiig: Ifd X I.2fi IHH.B amp. 
Now No. OCXK) will safely carry 225 arnp, with riiblair irnftiliitlori or 325 
with other insulations, which is satisfactory ns a r»oiit|tictor for ihiii 
example. 


im j j 

m fm fi 4 ■ i 1 4 » Jt I t ‘ , 


«aor circuit 
incand«c#iii 
itrang cimo h 
tkmi't loi 
th© current % 


kw.XBm Bxm 

~Fx >;/. " iio X 0.91 


16.2 am 


'teMtole Iht 

- li X / 

gi M 
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'I'lw next larf<<;r win; size (roGirring to Table 100^) is No. 4, which has 
an area of 4i,7!0 cir. iiiilH, 'I’liis conductor will more than safely carry 
the Ki.'i amp. of this (f-xaiiiplo, hem^o is safe and may he used. 

198. A Three-wire Three-phase Transmission May Be 
Replaced by Two Single-phase Circuits. — It is frequently do- 
sirahlo to utilize this fact in making three-phase circuit wiring 
calculations, particularly where the threo-phaso circuit luis 
reactance. That is, a thr«K!-wire three-phase transmission 
having comluctors symm(;tric'ally located may, so far as energy 
loss and voltage rtxiuiremcnfs arc concerned, be replaced by 
two 8ing!c!-pha.Me circuits having no inductive interaction and 
i<lcnti<'al with a thrtaj-phaso line as to size of wire and distance 
iKitwe*!!! winw. Thcrchne, to calculate a three-phase trans- 
mission calculate a singlc-phaHC circuit to carry one-half the 
loswl at the same voltage. The throe-plKUiO transrnimion will 
recpiire three wires of the size and distance between centers as 
obtained with tfie single-phase transmission. 

199. The Betermination of the Wire Size for a Three-phase 
Circuit Wlhere the Tine Has Reactance may be made either 
graphically or with the Memhon diagram (Fig. 115). Whore 
either the Mershon or the graphical method is used the fact 
outlinctl in Art. 19B, that a three-phase circuit can be replaced 
by two sinyle^phmc circuits," is utilized. KegardUiss of whether 
the Merahon or graphical method is used, first find one-half 
of the total lotwl. Then proceed with the problem using this 
one-half total load just as if it wore fed by one single-phase 
circuit. l*li© method of solving thr^-phase problems is simi- 
lar to that tiatKl for the two-phaso examplos almvo given, 
except that three wins of the size obtained are used for three- 
phase circuits, whereas four wires are used for the two-phase 
circuits. 

«»*« conductor ahoutd be used for the o|«tn-wire 
tnuumiwuon shown in Fig. 130? The sibwable volts loss in the line is 
4 per cent., or O.Ot X 220 *• 8.8 soft*. Iteasiver voltago « 220. Ix*a<l 
• 50 kw. Power fsetor » 0.80. Distiuice iHitwoen wirws 3 in. 
Frequency is 23 eyefes. 8f»i.imoM.— The actual cummt in each wire 
must be fcnoiTR to insure that a oemduetor large enougti to carry it wilt be 
i^Mted. 
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, , , O.BH X p 0.58 X 50,000 20,000 

Actual current - ^ ^ ^ ^ ^ - 106 «mp. 


Now find one-half of the total load and pummi with ifiiK loml fm fur 
a singlc-pluise transmission which will be eallod the iiiifigiiiary 

transmission. 


total kml S3 ^ 2ri,CM’)§ tiftMM. 


The current in the imaginary triinsiniaaion would be: 


25,000 25,000 


E X p./. 220 X 0.SO 17(1 

142 amp, in llie iinaginiiry' tfaiwfiiiMiiofi. 




. J ‘Pimw, IS ” 


f.-# 



Fio. ISO.—Erariipli in d&iermlning wim •!» for t tlr^pli*» f^«r* 


To approximate the siw of wire, mb the fiiriiiiila Ci4j: 


22 XI XL 22 X 142 X *m §24, mi ^ 

(hr. mdB » -j « - ■■ ^ ^ «f blillrir. mOs. 


The next Ijirgtr Bt&mhfi mn wl» k No, I— dr. friJb--wli.iei will 
safely curry, wlitfii im mtp, Tht filial tiimni m MM wiip. 

No. I k, fchiiriifore, not natMactory from a cttrwiibmr^iig gtaiiflpilfii, 
Hciuco, it will bo lioro^mry to um ih$ nmt larger ill# wifti, N«i. 0, whkh 
will iafoly fftfry, wliitri ox|x»iMi, 185 amp. Mm elitil illi M§. § wim 
for volt* lla® drop. 


Tks »ir«p disMnm lfd:mm ikb Ihrm wirm » 

2 in. 4^‘ 1 4m. . 


3 in. + 8 1 «. + H in, ta in. 

y-'"- “ a 



. — 0.196 Mid (under 4*ln. eepu'iidna) i®" 
0.006. Than; 
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layout comes just under the 3 per cent, volts loss circle. Therefore, the 
true volts drop in the line will be somewhat less than 3 per cent, with 
No. 0 wire. Therefore, use three No. 0 wires for the transmission as 
shown in Fig. 130. 

, 200. The Determination of the Wire Size of Single-phase 

I Branches Fed From Three-phase Mains can be made by using 



'! Fig. 132. — Current in three-phase main and single-phase branch. 

the direct-current formula. The branch circuit is treated as 
if it were an independent single-phase circuit. 

Note. — Fig. 132 shows the relation of the total current in a three- 
phase main to the total currents taken by the several single-phase branch 
circuits feeding from it. The three-phase circuit current is equal to the 
total of the single-phase circuit currents multiplied by 0.58. Thus for 
the problem of Fig. 132: 30 am'p, X 0.58 = 17.4 omp. 


SECTION 10 


TRANSMISSION AND DISTRIBUTION OF ELECTRICAL 

ENERGY 

201. The Reason Why Energy Is Transmitted Electrically, 

particularly where large amounts are to be transmitted over 
long distances, is that the electrical method is the most eco- 
nomical, convenient, simple and satisfactory one available for 
the applications for wliich it is so widely used. 

Note. — ^Energy may be transmitted satisfactorily and in some cases 
most economically by steam, compressed air, line shafts, belt and rope 
drives and by similar methods. But it is obvious that any of the methods 
just mentioned would be wholly inadequate, impracticable and uneco- 
nomical for transmitting large amoxmts of energy over long distances. 

202. A High Voltage Is, From a Standpoint of Pure Eco- 
nomics, Desirable for the Transmission or Distribution of 
Electrical Energy. — However, features of safety and utility 
often render desirable or necessary the use of relatively low 
voltages. Why a high voltage is desirable economically will 
be evident from a consideration of the articles which immedi- 
ately follow. 

203. The Power Lost in an Electrical Circuit Transmitting 
a Given Load Varies Inversely as the Square of the Impressed 
Voltage. — (Certain factors which affect only very-high-voltage, 
alternating-current lines are disregarded.) If the voltage im- 
pressed on a line is doubled the watts line loss — a certain given 
amount of power being transmitted — will be quartered. If 
the impressed voltage is trebled the loss will be one-ninth of 
that with the original voltage. Note the following example: 

Example. — Refer to Fig. 1S3. In both I and 11 the same line is 
shown. It is of No. 10 B. & S. gage copper wire, which has a resistance 
of approximately 1 ohm per 1,000ft., so the entire circuit (10,000 ft. of wire) 
will have a resistance of about 10 ohms. The load at the end of the line 
is, in each case, 5 kw. Since the apparatus at the end of each of the lines 
is designed for operation on 200 volts, that pressure, approximately, must 
be maintained at the receiving md of each line. 
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In system J, the motor is connected directly to the lino. Hence, tlie 
current taken by the motor (which will be: 5,000 wattM -i- 200 mdts « 25 
amp.) will flow in the line. From the Ohm% law formulas, the voltage 
drop in the line for system A will l>e: E ^ I X R - 2B X W ^ 250 
polls. And the power loss in the line will be: F = X F » 25 X 25 X 
10 »= 6,250 watts. 

This means that the generator voltage would have to be eqiml to: 
{volts impressed on receiver) + {volts lorn in Utm) ^ 200 + 250 450 

volts. Note also that a certain amount of power— 6,250 watts ii Icwt, 

dissipated as heat, in the lino. This nee^sitatets- that the geiifirator A 
develop 11,250 watts, 6,250 watts more than is delivered to the motor. 
Obviously, the transmission system of Fig. I is not an economical ciiie 
because more power is lost in the lino than is delivered to the motor. 


f « C f I 

» Ii 

# ■ ' f* • 
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WfHilcI make llie af’liial ranulfs slightly clifTerent from those obtained in 
the !•lollltif)Ill;l alicjve, Imt the differenee would not be of any practical con- 
gff|iieiiei! ifiHr^far as the, gftneral principle dencribcd is concerned. 8ee the 
mtitimra Amerimn Eijr^rR/an.Y Ifnrulhaok for an example talmlated in 
deliiil slifiwiiig tlic i:*!Iect of diherfjnt transmission voltages in transmit- 
ling *'M) k%v, over a line cjf 3 (ihms resistance. 

204, The Weight of a Conductor Is, for a Given Power Loss, 
Inversely Proportional to the Square of the Impressed Voltage. 
- ‘The of thin Hliitoment may ho readily verified by solv- 
ing siiiiiilc! exaiiiplcm nimilar to theme above given. 

20i. For Short Transmission Distances a High Voltage is 
Seldom Desirable httnauso, although the cost of the copper in 
II tninBiiiiaHioii line would (with a given watts power loss) bo 
leas than if a low vediagr^ were uscmI, there are other consider- 
aiioiiH ^v}lic:h morn than ofTsi^t this cost. With a high voltage, 
the geiinriitiir in fret|u«mily more exfmnsive. Furthermore, 
■cosily tnirisforitiers, to reduce the voltage at the receiving end 
of the line riitist, ordiiiiirily, lai used for incandescent lighting 
mid also for nioiors wliicli are located inside of buildings where 
fi high ladliige ivnulii Im f liiiigeroiis. In special cases relatively- 
higli-voltfige riioiors may he connected direct to tran8misa.ion 
lilies cif «!orres{>oiiiliiig vediages. 

The Efficiency of Transmission of an Electrical Cir- 
cuit ii' siiiiiiiir to iiiiy oilier kind of efficiency in that it is the 
ratio of cmlfiiil lo in jitiL The power'delivcired at the receiving 
cir far find of tiny rtlctciriciil circuit is always lew than tlie power 
III tltfi clrciiit, liy an amount equal to the lossei in 
tins lino* The liiiii !o» m almost wholly (and for practical 
iitay consiciemd m lieing entirely) the P X B 

pfiwnr 

hf nmn% a large cendtictor, tliii 

iij«« mmf Im mMfml to pficiically that l« the ©ikleticy iiiiiy h# 
t« IIW ipr rent. But ia praeilw nothing I« gal.iiici by 

ti«iftg mm larpi ■cottflucler. If the mnduetor is too Isrgt, the 

Iiil4sr<«t m III# ifttifiif Immi^ in it will mom than ofiMt the 0 -«t of the 
«i*iW •«v»f by liiliii ih# ««dtieter. In' pri^fie# traMinWoii 
fkrnkM fwiiiitniJf dttsigndl Hist Ih^ a» rfiout W pt^r wt. 
•iirkiit; tliaf Si, ill# Hot i^wif i«i ii about 10 pr «al* Iitelfflip^.ble 
{fig* lil) |0 litfi ariwiiifc wWife ii taaelly iOOptf ^©tnl. effiolgfti 
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loss of liow large— of how little re8istanee-“-tts mmlmUm ar#». hi 
designing circuits every ciisc should be treated on its nierits. 

207. To Compute the Efficiency of a Transmission Lin© cir 
circuit, a formula based on the i>reccding statements itiay b« 
used. In general: efficiency — otdpid input Btaihig tlie 
same thing in another way: efficiency = (ant pul) imdpni + 
losses). Now, restating this to apply to a traimmiHsiori line: 



Fi«. 134.— Graph showing inercaa® of traniiml«ikii» «ilclfiiicy willi lliii 
tranirniasion voltag®. (Th® vahiw plotted atiov« rrlate U* thft R|i#rlfic 
prohlam dcnigwatod. N«>te that in thiii partlcistar aiarniilii tli# ®lllcii»iiry of 
tranimi»«ion hiertaie* very rapidly with incrtM® of litiprcwfifl vidtet® iiritll 
the pr®»sur§ in (a t /i ) alK> vo 1 200 or 1 500 vol ta. A tiov® tli k pr®wtir« elir l#rir y 
imtrmiii much more ulowly. Evan at (t for a pri^aur® of IChlX» III# 
©fficiincy if only IHU per cant.) 


fmx\ * jmtmr Mtpered by hm . 

(66) Effi, of tmmmimion « ' . ^ . t. (pir cent.) 

pmer reemved by km * ' 

or modified : 

(67) Efficiency of IrauMmimion « 

pmeer dcL by line 

{power deL by Um) + (pmer hmm in ihsf 


©iAMF3Ui.-“«-'Wliitt Is tli© ©fflclency of the mrmli of Pg, lli iiidtr lit# 
■coaditioiw them noted? Tlie t.inl. to lit Tlie mmmt 

ii WO amp. Thi rwigta»c» of mch Um condliietor ii ioi.©* 


•Si« litaddl *' 1%# ^ Efttriy tsm la m i« ti# 

Aia*i«A» MmmBmum* MAmmmmu 
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is mainly power (mbtors) rather than multiplci ineancloHoimt 
lighting. Direct-current pressures as higli as 1,500 aii<i 5,CMK) 
volts have been ai)|')lied Buccessfully ior (jhtciric railway work. 
In industrial plants 550 volts, direct cturrent, has biaai used 
to some extent for motors and cranes; higher voliitgcjH are un- 
desirable for general distribution within buildings or |)lantB, 
because of the danger to human life tliat they involve. 

Note.— “V oltages lower than 550 may In; fat.al. Whore the fHaitar’t 
with the body is good or where the piumm has a weak lie.arf^ n v<ilfagit im 
low aa no may kill 



Fia. 130.— Comparbon c#f 110- mid 220-voU ndfipbttl frofit 

Gray, (Thb table «!iows the sohitioft of a prolilerii wliero 50 kw. nniiil li#» 
traiiimitted 300 feet with a 2.5 pereent drop mud whertUi k rwiulnal ilmi tlin 
cemduetor ske h© known for arttmdver priMurii of 1 voll« and nluo TM Vfdte* 
The renlativity of copper in takcii as 1 1 ohms per rlrpiibr mil foiiL KoOi 
that since, with the sum# per cent, lin® loss and the i«i«o ih© ronf|tirl«#r 

area varlw Ifivcrtely aa tliii a#iiiiir© of th# vrdtag#, tli» nrm wllli 

B «» llO-volts is four tiiiiai that with M ^ 220 volts. In nilior hy 

dauMing the pr«sur# the conductor area has h«fi i|iiarl»r«Lj 

210. Three-wire Distribution is now used in praBticttlly all 
insMiations of any consequence whore multiple incandescent 
lamps are to be served. With the thrc«5-wi«; system, 1 10-volt 
lamps may be used on the side circtiits while the energy », in 
effect, transmitted by the outside wires at 220 volts. Theruby 
tile e(mnomics of 220-voH tmnsmissioit (rntt) Fig. 120) are 
utiMi^. The neutral wire may be small where the Icmd on 
the three-wire dreuit is well balanced. Ilto eoneequenoe is 
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that the weight of copper conductor required for a three-wire 
system will be only a quarter to three-eighths of that necessary 
for an equivalent two-wire system. 

211. Standard Direct-current Voltages and Their Applica- 
tions. 


Voltages 

Applications 

Generators and 
energy-delivering 
apparatus 

Motors and 
energy-utilization 
apparatus 

*125 

no 

Used for multiple-circuit, incandescent 
lighting. Usually obtained from a 
110-220-volt three-wire system. 

*125-*250 
675- *600 

( no- 220 ] 

] *115- *230 } 

[ *550 J 

Direct-current motors. 

*600 


Urban and interurban electric railways. 

1,200 

1,500 

[ 

Interurban railways. 

2,400 

3,000 

1 

Trunk line railways. 


* Electric Power Club standard voltage ratings. 


Note. — Voltages, Systems and Frequencies in Use in the United 
States. — ^According to a recently published electrical directory of the 
United States,* there are no less than 4,700 central stations in towns 
of less than 50,000 inhabitants. An analysis of the data relative to 576 
systems in six representative States indicates that 15 per cent, use direct 
current at voltages of 125, 250 and 550 volts two-wire, and 125 to 250 
volts three-wire. How well some of these direct-current systems axe 
applied is not apparent, but it is evident that the voltage of direct- 
current systems is quite well standardbed. Of the total number of 
systems analyzed, 85 per cent, employed alternating current in 22 differ- 
ent combinations of number of phases, wires, cycles and volts, prac- 
tically none of which are convertible into another combination without 
great difficulty and expense. 

* A. jr. Goedjea in a pmpm read before a loint meeting of the Eleptrioal Section of 
tbe Wmimn Society of Bnginewra and tbe Cbioago Section of the Am^can Institute 
of Eleotriiml Enidnem. 
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In the 488 alternating-current gyatcins 24 per eeiit. wc;rc! 

einglo-phase, 13 per cent, three-wire twt>-|.ihaiie^ 1 pc*r cefit. f«tir-wire 
two-phaso, 39 per cent, tliree-wire three-phaae, afid 23 |M*r rent, fniir-wirfs 
three-phase. Of thene 488 Hysteriis, cla«Hifie<l nrroniiiig t« tlie volt iigeji, 
2 per cent, operate at 115 volts, 17 pcjr cent, at 5H per cent, 

at 2,200 volts and 24 x^er rent, at 4,(KK) volts. Ilie fre(|iieiicii!« at wliii’li 
the 488 systems operate show even a greater rlivemify, 2 per ernt. lieing 
25“Cycl6, 0.6 per cent. 4()-(*.ycle, CH) per cent. l](l-<-yrlfi, 0.2 per cent, i Ifl- 
cyclo, 1 per cent. riS-cycle, and 6.2 i>er cent, L't'l-i’ycle. 11ii? 116-, 125- 
and 133-fty<de systems are small plants. 

212, Alternating-current Transmission and Bistribution 
Systems (Figs. 1 and 137) are iiof, in gr^nonil, ri*Kt rioted by 
distance conditions. It is eeononiicnlly funsiblfi to friiiiHiiiif, 
almost any value of power over any reasoiifthle* wifli 

alternating current. Hence, where it is timBmnty that powiif 
be transmitted further than a mile or so or ho diKlrihiifed over 
a wide area for general light atui power servieit flic lilteriiatirig- 
current system is always"** adoptefF-diernuHc if. h far 
economical than a direct-current systciiL Tlio rent of a 
multiple-circuit, direct-current long di»t iirico f rummimlun 
and di8tril)!ition system would \m prohilntritivn. 


213. The Reason Why Alternating Current Is in Gtntral, 


and may be installed out of doors, in iiiiifiliolpi or on fMi 
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generating station, to 50,000 volts which, is the transmission ^ ^ 

The energy is then transmitted at 50,000 volts from the generating 

(Li) over the transmission line for a distance of possibly 25, 50 

miles, to the receiving station (Li ) . At the receiving station the ^ 

is stepped down with stationary transformers to 13,200 volts at ’vr 

pressure it is distributed to substations, which may be of any ^ 

four types enumerated below or a combination thereof. 



Fig. 138. — The elements of a high-voltage alternating-current 
energy transmission system. 


214.. Three-phase Transmission Is Used in Prefexr^^iac^® 
to Single-phase or Two-phase because it is more econoinciicsal 
of copper.* If a single-phase, two-wire transmission o 
ing at a certain voltage requires a certain amount (or f'>€^r 

cent.) of copper, an equivalent two-phase, four-wire 'trutrifci— 
mission will also require 100 per cent. An equivalent 
wire, three-phase transmission will require only 75 per 
of the copper. A four-wire, three-phase transmission wifcli 
the neutral the same size as the outers will require only S3 *3 
percent. 


* Sea the amthor'e Amumoan EnBOTBiciAiTs’ Handbook for table sho'wdnfic 
Eeondmioa of differezit dJetribrnUon systems. 
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216. Hi.'tiidiinl A!ii‘niat.iri|^«curr«*nt Vf)It4igciS and Their Applicatioiw. 



tUmpf&tnrn ars«l 
ciirrgy-ilrlivrrjisii; 
ii}»l«'iraluas 

_fmii 

*' r»’r K>*-uti 1 iaat. i<»n 

iipparaliiJi 

Apprication 

120 

•no 

Binglo-pluise, used for small motors and 
lighting, usually obtained from a 120- 
240-volt throe- wire ays tom. 

•210 

•■IHO 

mm 

•no -*220 

•JlO-'.I.’KJ 

Usually three-phase, used for distribu- 
tbri for power for polypliase motors 
up to possibly 50 to 00 li.p. output. 

•1.200- %mi 
1,150 2,:irMi 

•440- *5.50 
•2,2(KI 

Usually three-plmse, used for poly- 
1 phjyie motors of capacitioi greater 

1 than about 50 to 00 h.p. 

2,2CM)-4,CKJC) ^ 
•2,40f>«4,IS0 ' 

i 1 

1 i 

1 1 

For tliree-phase four-wire diitribution 
in eities, 4,000 volte between outer 
vfkm and 2,300 volte between outer 
wire «d neutral 



A. QemtaUtm ta% soiaedmee built for 4,000, 6,600 and 11,000 volta. 
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- 216. About a Thousand Volts Per Mile Length of Trans- i 

mission* is a thumb rules which HesrvcH an an imlci. This m 
based on the fact that with copper ctonciiict.cir.H a immimud 
1,000 volts i)cr niihi, and a current elansity e^f i amp. per 1 ,11111 * 

cir. mils, the eneirgy loss will bo ulxuit 10 peu* (amt. Tliiif is, ; 

i-L a line designed on this basis will carry its eiirrofit wilhoiit 

; ^ excessive heating at about a 10 [>cjr ertuit. Icm. Inir rctliitivcly * 

I'l' ’ short lines transmit, ting considerable*. pow(;*r tin? rule, provides 

i'- a conductor too Hinall for most eccmoniical oporalicin, that is 

[ . for minimum annual costs. Hence, for tint Hhort. ilislaiice 

transmission of much j>ower, a presHunt greater t.linri 
f:' ' volts per mile may be the more cuamomieaL Where a Inins* ■; 

mission system serves an extmiHive dislaners and tlii! load m 
small a voltage smaller than ‘^1,0CX) per mile’* iimy soiiieliiints 
be adopted with economy. 

217. The Standard Frequencyt in the United Btairm rriiiy 
now be said to be 00 cycles. It iifqiears tliiii it is (li!siriihl(!, 
in practically every case, to adopt this rnth(!r liiiiri any oilier 
frequency. The economies and adviuiiiiges that wnri't exiMiidiid 
to result from the use of 25 cycles for elect, ricnl energy trnns- 
mission have not, in general, materiiiliraid,. A ntiiiibiir of 
plants which generate at 2*5 cycles have beiiri <airi«iriict4!i! wliicli 
necessitates the installation of 25- to IMbcycle fr««|ueiicy ■ 

changers where 00 cyc!^ is the froqiieiiey. 

NoTE.-^-Synehronoui cenvarteri m fiiriiwrly tlwigiieii wimlil not 
operate satisfactorily at frequencies mmh above 411 cycl», Tlik was ■ | 

one of the reaicirii for the original liiitalktlfiri iif a titifiilMfr tif 25-cyclii 1 

generating stations. Motom for 2B eycl« are, giiii©ra,lly, eiccpt very I 

slow-^peed macliin«, mom expensive Iban tlicmi for iO A.m | 

ligtite ean not l>« wid on 2B cyrl<«. With lii«m«dlfc«eenl tlwrtt m I 

noticeable flickefing on 25 cycloi witirh produce eye fallfiii. Tliit 1 
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converter sub-stations; (3) motor-generator 'sub-stations, and 
(4) frequency-changer sub-stations. 

218A. The Function of a Sub-station Equipment is to so 
modify the characteristics of the energy received by it that 
the energy will tjien be suitable for utilization by that load 
which the sub-st8«tion serves. That is, the voltage may be 
lowered in the sub-station and a conversion made from alter- 
nating to direct current, if necessary, as will be described. 
So that each sub-station may most economically serve its 
load it should be located at or near the electrical center of the 
district served. 



210. A Transformer Substation (Fig. 139) is one in which 
the alternating-cunrent voltage is lowered, with step-down 
transformers, from the transmission voltage to one suitable 
for distribution to the consumers or to the power load. Usu- 
ally the distribution primary feeders operate at 2,200 volts. 
Hence, the low-tension ride of the step-down transformer 
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develops this voltage. A potential or feeder regulator,* 
which may be automatic or non-automatic, is usually inserted 
in each feeder to maintain the voltage at the distant end of 
the feeder practically constant. In a transformer sub-station 
the pressure is transformed from one voltage to another but 
the energy is not converted from alternating to direct current 
or the reverse. 

220. In a Synchronous or Rotary Converter Sub -station 
(Figs. 140 and 141) conversion from alternating to direct cur- 



Fig. 140.7—Sectional elevation showing typical arrangement of a synchronous 
convertor sub-station for electric railway service. 


rent is effected. Usually the voltage must be decreased with 
a transformer on the alternating-current side of the synchron- 
ous converter because there is a certain’ fixed ratio between the 
alternating voltage impressed on a synchronous converter and 
the direct voltage delivered by it. With a single-phase con- 
verter, the alternating is 71 per cent, of the direct voltage. 
With a three-phase machine the alternating is 61 per cent, of 
the direct voltage. Hence, to change the direct voltage de- 
livered by the converter, the alternating must be vjuried ac- 
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By changing the field excitation, a converter may 
riiaclc to correct or compensate for low power factor. The 
direct e.m.f. impressed on the line by a synchronous converter 
ma.y 1^0 varied by using a booster — a small generator — either 



]Pio« ML—Flan vtow of th© railway, synchronous-convertor sul>station. 

izi the alternating- or direct-current side of the machine, or by 
varying the alternating impressed voltage with a potential 
regulator or a transformer having taps. 

Ncitk. — S ynchronous cOTivertets are somewhat more efBcient than 
rnotor-generators, Thsry find thwr widest application in direct-current 
Btr«Mat railway service. 

221. A Hotor^enerator Sub-station is shown in Fig. 142,1 
aAd II . Such an out£t may be used particularly in industrial 
plcuatB, where direct-current energy is required for utilization. 
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the direct-current generator G. The synchronous motor 
usually has a squirrel-cage winding on its rotor and is thereby 
started as an induction motor.* The direct e.m.f. impressed 
on the line by G may be made any reasonable one by providing 
a generator of suitable characteristics, and it may be controlled 
manually by a field rheostat or automatically with an auto- 
matic voltage regulator. Motor-generators are sometimes 
preferred to synchronous converters because the motor- 
generators are, possibly, somewhat more readily operated. 
The synchronous-converter outfits are the more efficient. 

222. A Frequency-changer Sub -station is one in which 
alternating-current power at one frequency is changed to al- 
ternating-current power at different frequency. The fre- 
quency changer sub-station is somewhat similar to the syn- 
chronous-motor sub-station of Fig. 142 except that the 
direct-current generator and its switching and control equip- 
ment is replaced by an alternating-current generator and 
outfit.* Frequency-changer stations in the United States 
ordinarily change from 60 to 25 cycles or the reverse. 

223. Distribution Circuits may for convenience be divided 
into the following two general classes: (1) Series circuits (Fig. 
143); and (2) parallel circuits (Figs. 144 to 148). Parallel 
circuits may be subdivided into: (a) loop circuits (Fig. 144), 
(6) tree circuits (Figs. 145 and 146), (c) feeder-and-main cir- 
cuits (Fig. 147), and (d) ring circuits (Fig. 148). 


Constant Current 
Oenenftor 
6,6 Amp. 


^—^Arc imps -‘SO Lamps Tofo/t 



•<'—6.6 Amp. 

Total Length of Circuit* 5 Mites 


Fig. 14S. — Arc-lightmg circuit. 


224. Series Distributmg Circxiits (Fig. 143) are seldom, if 
ever, used in this country except for constant-current}; series 
arc or series incandescent lighting. The constant current in 

• th® autliw*® Elboteicai:. Ma.okin'iiey for detail®. 

X &m tile author's Fjbaotioajl UMomaioiTT. 


190 


CENTRAL STATIONS 


[Art. 225 


commercial series circuits is so small (usually under 8 amp.) 
that a small wire will carry it without excessive loss. Hence, 
conductors for series circuits are usually selected with reference 
only to their mechanical strength. It is usually considered 
that No, 6 wire is as small as should be erected on a pole line, 
hence a majority of the out-of-door series lighting circuits in 
this country are of No. 6 B. & S. triple-braid weather-proof 
copper wire. Some companies will not use any wire smaller 
than No. 4 B. & S. on a pole line. 

226. The Line Loss in Commercial Series Circuits, using 
the standard No. 6 wire is relatively small as is indicated by 
the following example. 

Example* (see Kg. 143). — The circuit operates at 6.6 amp., is 5 miles 
long and serves 80 lamps, each of which requires 50 volts at its terminals. 
The line is of No. 6 wire which has a resistance of 2.1 ohms per mile or 
10.5 ohms for the whole line. This involves a drop of (7 =» J X iB) 
10.5 ohim X 6.6 avi'p^ = 69.3 volts. The loss of energy in the line wire 
is: (P - X R) = 6.6 X 6.6 X 10.5 « 468 watts. The power taken 
by one lamp (J = £7 X I) is: 60 X 6.6 « 330 wcUts and for the 80 lamps 
it would be 80 X 330 =* 26,400 watts. The loss in the line, 468 watts, is: 
(468 26,400) but 1.8 per cent, of the power taken by the arc lamps. 

If No. 3 wire were substituted for No. 6, one-half the energy loss in the 
line wire would be saved, the crossnsection and weight being twice as 
great, and the cost of the insulated conductor would be nearly doubled. 
With No. 6 wire the total weight of copper would be 2,098 lb. and the 
cost of the wire (insulated) would be about 1500. It is doubtful if it 
would be wise to invest an additional $500 in order to use No. 3 wire and 
save one-half the energy or 238 watts, unices the cost of energy is quite 
high. 



lamp 
Load' 

tnccfrnksctnt tempi' | 

Fio. 144. — Diagrammatically illustrating a loop circuit. 

226. Parallel Distributing Circuits (Fip. 144 to 148), some- 
times called multiple circuits, are widely used for the distribu- 
tion of dectrical energy for lighting, power and heating. Com- 



• Croo'te's E.L»eraio 
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non street 


'Oeneraftn^ 
.cr Substation 




Fia. 145. — Showing a tree circuit as applied to out-of-door distribution. 
(This type of a circuit is called a “tree circuit’* because of its resemblance 
to the trunk and branches of- a tree.) 


I 




mmm 


Oistr/kftlmCmrir* 

1^0. 147* — ^Example of a feeder and main distribution. 
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mercial parallel circuits are so designed that the voltage be- 
tween the two sides will be approximately constant under all 
conditions of load. That is, sufficient copper is used to pre- 
vent the voltage drop in them from exceeding a certain small 
percentage of the receiver voltage which should in each case 
be determined by the character of the connected apparatus. 



Iha. 148.— Diagrammatieally illuBtratirig a ring cirtniii. 

Or a voltage regulator of some sort is used to maintain the 
voltage at the load ends of the feeders approximately constant. 
In dealing with parallel circuits, it is frequently assumed that 
the voltage, impressed on the circuit Ity the generator or other 
source of energy, is constant. 



227. An Important Advantage of the Feeder-and-main Sys- 
tem (Fig. 149) is the opportunity it offers for cIm© voltage 
regulation at the receivers. Receiving apparatus is not con- 


T 

i 
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:cted to the feeders so the voltage regulation on them is un- 
iportant. The regulation on the mains and services is im- 
>rtant but they are made of wire sufficiently large that there 
11 not be much voltage drop, even at full-load, between the 
stribution center, where the mains connect to the feeder, 
id the most distant point on the main. The voltage should 
! maintained practically constant at the distribution center. 

228. Small Pressure Wires Are Sometimes Carried From 
e Distribution Center Back to the Generating or Sub -station 

it is possible at any time to know exactly the voltage at 
e distributing center. Then the voltage at the center is 
aintained constant by varying the voltage impressed on the 
eder at the station. Frequently the voltage at the distribu- 
on center is thus maintained constant with a potential regu- 
tor.* The varying or adjustment of voltage may be either 
anual or automatic. 

229. In Laying Out an Out-of-door Feeder-and-main Cir- 
dt the territory to be served is subdivided into a number of 
stricts by collecting customers in proximity to each other 
to groups located as near as may be at equal distances from 
number of distributing centers. From these centers, the 
eders are carried to the station while fr6m the centers extend 
le mains, each of which serves its own groups of customers, 
hus the entire territory is split up into a number of subdivi- 
ons, each in the most direct electrical connection with the 
mtral station. Each distribution center is fed by a separate 
ad independent set of feeders. 

230. In Interior Feeder-and-main Systems it is seldom 
lasible to regulate the voltage on the supply ends of the feeders 
> as to keep it constant at the center. But most of the vol- 
ige drop in the interior system can be confined to the feeders 
) that the voltage on the group of mains and branches served 
y a given feeder will be nearly the same and all of the lamps 
annected to them will bum at about the same brightness, 
urthermore, the system is so sectionalized that the effects 
f trouble can be confined to small areas and that the trouble 
an be readily located. 

• Bm th© PmcTOWAii WxMmmam. 
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231.. A Ring Circuit, Fig. 148, is one wherein the mains form 
a closed ring. This is a special case of a feedcr-ancl-rnain 
circuit. In out-of-door distributions ring mains are sometimes 
carried around a city block or around a certain district and 
branch mains or services are fed by the ring main. One feeder 
may serve a ring main or several may connect to it, each at a 
different point. In interior electrical-energy distributions, 
ring mains are seldom used except in industrial plants. It is 
sometimes expedient to carry a ring main around tlie interior 
of a shop building and connect motor taps and lighting 
branches to it at the most convenient points (Fig. 148). This 
provides a very flexible arrangement because there is then no 
location in the building very far away from the main, hence 
new motors or lights can be installed readily and economically . 
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LIGHTNING PROTECTION APPARATUS 

232. The Term Lightmng Protector Is Used in Preference 
to I/ightning Arrester in this discussion because it appears that 
the latter designation more accurately describes the service 
which the apparatus in ciuestion renders. The word “arrest,” 
according to the tlicdioruiry, means to “stop action of.” The 
so-csilled lightning arresters do not in every case stop the action 
and effects of lightning nor does any manufacturer make the 
claim that they are infallible. They do, however, afford 
protection or insunmee against lightning damage to electrical 
apparatus. The measure of protection which is afforded is 
determined to a considerable extent by the investment which 
can be made in protective apparatus to supply the protec- 
tion. In this respect the cost of protection against li ghtnin g 
is similar to the cost of protection against fire or accident. We 
will, therefore, in what follows, refer to lightning protectors 
rather than to lightning arresters. The general term “light- 
ning protection equipment” applies not only to lightmng pro- 
tectors, but also to other allied devices which serve to minimize 
lightning damage to electrical apparatus. 

233. The Term Lightning Has a Specific Significance when 
used in connection with electrical apparatus protection. 
When thus used “lightning" implies to any sort of excessively- 
higli -voltage disturbance in an electrical generation, trans- 
miKsion or distribution system. 

' “Otttuiicroiiil lightning protectors are designed to protect only 
a.gaixist the effects of transient abnormal voltages. They are not, as a 
rul«t, designed U> protect against the effects of continued abnormally high 
volfaagraj, regardlws of how much such high voltages may originate. 

234. Idg^toing May Be Divided Into Two General Classes, 
atmempheric lightning and internal lightning. Each of these 


t 

\ 
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236. Atmospheric Lightning is that due to the equalization 
of a difference of potential between two oppositely electrified 
clouds or between a cloud and the earth. The lightning 
strokes or lightning flashes with which everyone is familiar 
are manifestations of those phenomena. 

236. Atmospheric Lightning May Effect an Electrical 
System in Either of Two Ways — ^by a so-called direct stroke 
or by an induced stroke. 

237. A Direct Stroke is one where a lightning-discharge 

current between a cloud and 
the earth selects, for a portion 
of its path, a part of the electrical 
system. Then that system is 
said to be “struck by a direct 
stroke.” Lightning protectors 
are not, as a rule, capable of 
affording absolute protection 
against direct strokes. If the 
current of a direct stroke passes 
through a lightning protector, 
usually that protector is de- 
stroyed. Direct strokes or- 
dinarily strike only aerial pole 
lines. An overhead ground 
wire strung (Fig. 160) above, or 
adjacent to, the pole line and 
connected with the earth at 
frequent intervals affords the 
most effective protection against 
direct strokes. Observation has 
indicated, that the current 

of a direct lightning stroke will not flow along a transmission 
line for a very great distance. It will usually find, through 
some insulation breakdown, a path to earth a relatively few 
feet away from the point where it “struck” the line. 

238. An Induced Stroke is one whereby an abnorrhally 
hi^ potential is developed on the dectrical system, due to 
induction, by an atmospheric lightning dischsurge. Protec- 



Fia* 160.“~*Grourid wire over a 
three-pliasa tmimmknkia circuit. 
(The lio© wires take the pomidom 
1, 2 and 3.) 
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tion against the effects of induced strokes is usually satis- 
factorily provided by a suitable lightning protection apparatus 
such as will be described. The induced are much more common 
than the direct strokes. 

239. Internal Lightning, so-called, is any abnormal voltage 
rise due to changes in the load on the electrical system. Ex- 
amples of internal lightning are the abnormal conditions due 
to excessively high voltages which may occur particularly in 
high-voltage systems and which are caused by the opening 
or closing of switches or by an intermittent ground. Internal 
lightning effects are sometimes called surges. 

240. A Lightning Protector Is an Electrical Safety Valve. — 
The duty of the protector on an electrical system is to relieve 
the system of abnormally high voltages, in a manner some- 
what analagous to that in which a safety valve relieves a 
steam boiler of an excessively high pressure. Just as the 
safety valve should stop the 
escape of steam after the 
abnormal conditions have 
been relieved, so should a 
lightning protector stop the 
flow of current after the high 
potential has been relieved. 

Thus, any device which will, 
under the influence of a voltage 
above normal, permit current 
to flow through it and which 
will, when the abnormal con- 
dition ceases to exist stop 
the flow of that current, constitutes a lightning protector. 

241. How a Li^tning Protector Protects may be understood 
from a consideration of the diagram of Fig. 151. Assume that, 
due to some cause or other, the potential of the line L becomes 
much higher than that of the earth or ground. That is, as- 
sume that an abnormally high voltage, V, exists between the 
conductor L and the earth underneath it. Such a high voltage 
might originate either from atmospheric or internal lightning, 
as above d^cribed. The tendency of this voltage would be 



Fio. 151. — The principle of the 
lightning protector. 
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to force a current from L to the earth. This current would 
select the path of least opposition. If there were no protection 
apparatus associated with the line, tile path of least opposition 
to ground would, probably, be through the windings of the 
generator, M, to its frame and from thence to earth, A , as shown 
by the dotted lines. That is, the high voltage would break 
down the insulation of some of the windings of M and force 
a current through them to ground. This would damage the 
machine and might, possibly, “burn it out.” Now if an air 
gap, Gj were connected between the line wire and ground, as 
shown, the path LGE through the gap to ground would prob- 
ably offer much less opposition, to the flow of the lightning dis- 
charge current, than would the path LCMA through the gen- 
erator to ground. The reason for this is that the path through 
the generator would probably be one of relatively high induc- 
tance, whereas the path through the air gap, (?, to ground 
would be one of practically no inductance. 



Fig. 152. — Diagram indicating typical arrangement of lightning protection 

equipment. 

Note.— Lightning discharge currents are always of high frequencies or 
the equivalent thereof. Hence, a path containing inductance offers 
great opposition to their flow. It is a fact that* the electrical opposition, 
that is, the impedance offered by an inductive circuit to the flow of an 
alternating current increases as the frequency of the current increases. 
Therefore, the abnormal potential on L would probably be reMeved by a 
flow of high-frequency current through 0 to the ground, E, The air 
gap, (7, is long enough to prevent ite break down and a flow cuix^t 
under normal conditions. Mg. 152 will give a better idea of actual con- 
ditions. The rosistanees, Et and provided to limit the current 

so that the abnormal voltage condition hM been reliev'^ the ^gen- 
erator, Ml, would not force cunent via ^ path If tltos© 

'* ■066 th© author^ 
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or their equivalent were not provided, the generator might 
corxhin'io to force current via the path shown even after the abnormal 
v-olt»g® condition had been relieved. The reason is that after an electric 
a,rc been established across a gap, a relatively small voltage is suffi- 
cieixt to maintain it. A number of different devices which are used in 
practice as an equivalent for the spark gaps illustrated in Figs. 151 and 
152 and some schemes utilized for preventing the flow of current after 
the high voltage has boon relieved are described in succeeding articles. 

InTotb. — I nstead of there being a difference of potential between the 
lino, J-iiEi (h'ig. 152) and the earth there might be an abnormal difference 
of potential or voltage (internal lightning) between LJLt. If the gaps 
Ox and <7j, wore not provided this excessive pressure might break down the 
insulation in M and damage it. But with the gaps, Oi and ffj, in place, 
the equalization current would flow via GiRiRtGt so that then the machine 
vvould not bo damaged. 

242. The Function of a Choke Coil, C 1 C 2 , Fig. 152, in light- 
ning protection is to increase the inductance, therefore opposi- 
tion, of the circuit in which it is inserted. It thereby tends 
to force the “high-frequency” lightning current to ground 
through the lightning protector. Commercial types of choke 
coils will be described in following paragraphs. If a surge, 
due to external or internal lightning, travels along a trans- 
mission line, it induces a very hi^ voltage in any inductive 
winding which it encounters. Hence, unless choke coils, 
which are specially designed to provide this inductance, are 
inserted between the line and the apparatus (transformers or 
generators) the high voltage is likely to be induced in the turns 
of the apparatus and cause an insulation breakdown and con- 
sequent damage. 

OTB.-— Such damage may be extremely eerioua if the current circulated 
by the generators on the system follows the path provided by the ab- 
normal voltoge. Where choke coils are inserted as shown in Figs. 151 
and 152 the high voltages will be induced in the ends of the choke coils. 
Htsumage to the choke coils should not, however, occur, because the coils 
a.r© apeeially d«(igned to withstand these abnormal conditions. 

243. An ImpCHTtant Dtotinction Between an Alternating Cur- 
rea* and a Direct Current From a Rrotectw Standpoint is that 
the alternating voltage decreases to zero twice in each cycle, 
whereas a direct voltage is always in the same direction. The 
consequence is that the arc sustained by a direct-current gen- 
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erator through a spark gap after the lightning discharge cur- 
rent has passed is more difficult to extinguish than the arc 
similarly sustained by an alternating-current generator. 
That is, it is more difficult to stop the flow of a direct current 
through the spark gap of a lightning protector than it is to 
stop the flow of alternating current. How these character- 
istics are recognized in the design of lightning protectors will 
be described. First the direct-current types, then the alter- 
nating will be treated. 


■<— To Choke Co! t 
ano! Apparatus 

FrmiLine^ 

Magnetic 

Field 

ySparkOap 


u-'lfon Magnetic 
^ Circuit 



Fig, 163. — Illustrating the prin- 
ciple of the magnetic blow-out 
lightning protector. 



Fig. IM.—Protector on car-most 
deahable arrangement. 


244. A Magnetic Blow-out Direct-current I^otector is 
shown diagrammaticaJly in Fig. 153. The spark gap, Q, is con- 
nected in series with a blow-out coil, B. When the air gap, 
G, is broken down by an abnormal voltage, current flows from 
the line via OGBR to the earth, E. The tendency is for the 
current impelled by the direct-current generator to continue 
to flow across G. However, B develops a magnetic field as 
shown. An arc can not edst in a sufficiently strong magimtic 
fidld. The power-current (generator-ouiront) arc is, there- 
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fore, ''blown out’^ hy the field. The resistance, R, limits the 
current. 

246. Lightning Protectors on Electric Railway Cars may be 
arranged as shown in Figs. 154 and 155. to protect the appa- 
ratus on the car. Protectors should also be installed at inter- 
vals along the trolley line.* Note that choke coils, C, con- 
stitute part of the car equipment. 


Fio. 165. ■ Fia. 166. 

Fia. 155. — Protector on cax, alternative arrangement. 

Pig. 166. — ^Sectional diagram of the carborundum-block arrester. 

(NoTBt. — The connection shown in B is not quite so effective as the one shown in 
A, due to the i^eater length of wire on the protector circuit. If it seems necessary to 
use the connection of B the arrester may be placed on the roof of the car, in the vestibule 
or under the car, without affecting the inductance of the circuit of the arrester. When 
such a connection is used, however, a larger choke coil than in A is necessary to offset 
the greater inductance of the arrester drouit). 

246. A Carbortmdttm Block Protector, which may be used 
on either direct or alternating-current circuits operating at 
pressures not exceeding 750 volts, is shown in Fig. 156. This 
has been designated by its manufacturer f as a multipath pro- 
tector, because of the fact that there are many paths provided 
to ground for the lightning discharge current. It consists of a 
disc or block, B, of carborundum granules bound together with 

* See th© author’s Wibiko fob Liobt and Powbb. 

t General Eleetrio Company. 

t We&titti^wwe Electric & Manufacturing Company. 
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a dielectric landing conapound. On cither face of the pro- 
tector is mounted a metal terminal plate, Pi and P^. A small 
gap, 0, is provided for lino voltages of from 40CI tf> "Jlte 

two terminals, E and L, are connected betwciui groiiiicl and 
lino respectively. When under tlio influence of an aluifirmally 
high voltage the dielectric is broken down, the protector 0|>er- 
atos permitting current to flow. When the abnormal voltage 
is equalijsod the current flowing tlirough the Idock cea«c»s 
cause the many mintite electric arcs through the l^loc^k can not 
be maintained by the generator pressure. 

247. The Condenser-type Protector for direct-current cir- 
cuits is diagrammed in Fig, 
T L 157. Thcise are designed par- 

cmmtkffmcmt ticularly for circuits o|'M)riitiiig 

at pressures of from 750 to 

7'" \ | 1 ,500 volts. It consists moroly 

/%" [ of a spark gap, G, in series 

Kmkrmri g ^ resistor, H. However, 

I tho resistor is slumtoci by a 

.1 ponnittor (condenser). Tho 


248. The “Circuit-breai»r” Type lighhiii^ Protector h 
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The two gaps, GzGa^ on the ground side of the current- 
limiting resistor, have connected in multiple around them a 
solenoid, S (Fig, 158). When a current of sufficient intensity 
passes through >S, the iron plunger, P, is lifted by the magnetic 
effect thereof and then opens the circuit at B. It is due to 



Fig. 158. — The diagram of “circuit- 
breaker- type lightning protector. 



Fig. 159. — The Garton-Daniels 
lightning protector. 


this device that the protector is called the ^'circuit-breaker^' 
type. When the protector is discharging the high-frequency 
current of a line at abnormal voltage practically all of this 
current passes directly through the path LxQiGS^zGJjt to 
ground. The inductance of the solenoid S is so high that prac- 
tically none of the high-frequency current will go through it. 
However, if the power current foUows the lightning discharge 
current through the protector^ this power current will not, 
because of its low frequency, pass across gaps but wiU, in 
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preference, take the path of lesser opposition through S, 
Thereby the plunger is raised and the arc extinguished. 

249. Non-arcing Metal Cylinder Protectors (Figs. 160 and 
161) may be used on alternating-current circuits operating at 
pressures below 300 volts. The metal cylinders are usually 



Fig. 160. — Illustrating the prin- Fig. 161. — Double-pole, non-arcing 
ciple of the non-arcing metal gap metal cylinder protector, 

protector. 


composed of a copper-zinc alloy. In an alternating-current 
circuit, an arc, established by a lightning voltage, will not be 
maintained between these cylinders by the power current. 
The reason is that the arc will extinguish when the power 
alternating-current wave passes through zero. The zinc in 
the alloy vaporizes at a relatively low temperature and this 
vapor tends to quench the arc. There is also a rectifying 
phenomena in a protector of this character. The metallic 
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V'apor conducts the current in one direction only. Therefore, 
when the current reverses, the metallic vapors tend to cool 
below the arcing temperature before the alternating-current 
wave is completed. Thereby, the arc may be e3:tinguished. 

260. Protectors Comprisiiig l^on-arcing Metal Caps with 
a Resistance in Series maj be used for alternating-current 

circuits operating at pres- 
sures below 3,000 volts. A 
protector of this type (Pig. 
162) comprises a sufficient 
number of spark gaps to 
prevent the passage of cur- 
rent at normal voltage. In 
series with the gaps is ar- 
ranged a resistor to limit 
the dynamic (generator) cur- 
rent which tends to flow to 




Fi®. 102. — -Multigap alternating- 
current arrester with smes resistance 
arranged for pole mounting. 


l^-OrvurTcl Wire 

Fia. 165. — Multigap protectors 
mounted on a pole for trans- 
former protectioii. 


ground after an arc has been established through the gaps 
by a lightning discharge. Fig. 163 show^ how three pro- 
tectors, Pi, Ps and Ps, of this ty^e may be mounted on a pole 
for transfonner protection. Li, Li and Lz are the line wires. 

251. Tlie Oraded-shunt Kesistaace Protector, the principle 
of which is illustrated in Fig. 164, consists of a series of spark 
gapw ((?! to (7 m) associated with resistors which are shunted 
around them. Protectors of this general type are manufac- 
tured for voltages of from 1,200 to 13,000. That shown in 
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Fig. 164 is for 2,200 volts. There lire tlirce alternate paths 
for discharge through the protector of Fig. IM. One path 
comprises all of the gaps, Gi to Guf in series. Another path 
comprises four gaps {Gi to G 4 ) in series with a rclativi-ly low 
resistance Ri. The other path comprises two gaps, t/i an«i 
Ot, in series with a high resistance Kt. Three paths to ground, 
each of a different impedance, are thus offered through the 
protector. Thereby a discharge of any frccjuency will find a 

fmuMr^ -I 

, . - Ar V I to Um • '■ ^ 


discharge of low frequency or for ditcharpng gradiiitl ftccii- 

muiation of static electricity. Dkchargm of medium frequen* 
cies wUI select the path comprising the low rwistance and the 


tiius;* When the gaps <d a protector are shunted 
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rods. However^ such a discharge will follow with relative ease acTOss all 
of the gaps liocause of the perinittive (electrostatic capacit.y) efhjc.f, of 
the gaps. The series of gaps is, in efTect, a nainhor of pennittors (con- 
denaere) in series. Tho liigher the 


frequency the more proiuuirHaal is 
this efTect. Hence, tlie discharges 
select the paths through tlie gaps and 
resistances whierh offer the least opposi- 
tion. Which patli is selected in any 
case will he determined by the fnt- 
qimmy of the lightning <ii«charge. By 
frequency is meant not tlie generator 
frequency hut the equivfilent lightning 
frequency wdiich may bo hiindreds of 
thousands, or mmt millions, of cycles 
I'ler second. If the power currant 
t^nds to follow a liglitiiing discharge 
it will , hccaiise of ila relatively low 
frequency, iiidect one of tha paths 
through m r«iktanca which will limit it. 
I>ua to the reclifying effect (dcwjribed 
above) of the spark-gap eyliitdew, the 
arc ihoulcl bo extinguiihiKl at the end 
of the first M gtw^irator 

current has started to flow. Fig- 165 



Pro. 165.— 'The ** cuppcid-dlic- 
mp** protector. (Wcitlnghouse 
Elec. Mfg, Company.) 


ihowi one of tti«e protectors arrange in a woorlen bojc for outdoor work 
instftllatbii. Q if the ground wire and L Is th# line wire. 
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252- A Cupped-disc Gap Protector is delineated in Figs. 166 

and 167. This type of equipment may be designed for iilter- 
nating-currcnt pressures of from 3,000 to 13,000 volts. It 
comprises (Fig. lOfi) a series of cup-Bha|>cd discos, />, of a non- 
arcing metal supported on an insulating rod, togetlicr •with ii 
resistance, ii, in series. The line wire is eonneetefi to temiirial, 
L, and the ground wire to (L This form was designed specially 
for distributing-transformer protection and in practice is ar- 
ranged on the pole line as shown in Fig. 167 hy suspencling it 
from the line wire with a porcelain insulator. Pi, P 2 and I*i 
are the protectors. 
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wires and E is l.ho ground connwd ion. Prolcctors of this sjtiiu; 
general form are manufactured for alternating jiressures up 
to 9,000 volts. Abnormal voltage conditions, <hie to surgim, 
are common on alternating-ciurrcnt scriim lighting (‘ircuits. 
Such surges may be caused by the opening, short-circuiting 
or grounding of the circuits. These simple horn-gap protec- 
tors appear, for this service, to provide (!lT(!ctivo proteedion. 
Electrolytic protectors, the principle of whi<di will la; described 
later, are preferable for the protection of dina-t-current sericH 
lighting circuits. Figs. 170 and 171 show recently develojaal 
types of horn-gap protectors arriingcd for suspending <»n line 
wires. In both of these illustrations: Li is llie line-wire con- 
nection; 7 v 2 leads to the apparatus (or chf>ke coil if there is 
such); and G is the grouncl wire. A current-litiiiting resistor 
R is provided in the protector of Fig. 171. 

264. A Combination Choke Coil and Hom-gap Protector is 
shown in Fig. 169. These protectors arc designed fr>r alter- 
nating-current voltages of 33,000 and aliove. If an arc is 
established across the gap G it tends to rise and extinguish 
itself as above described. Ami, furt.hennore, the choke et»il 
produces a magnetic field which, l>ecausfj of the phenomena 
described above in connection with a magnetic blowout pro- 
tector, assist in the rapid quenching of this are. 

266. The Compression-type Protector (Fig. 172) comprisea 
a number of gaps arranged in scries with a resistor inside of a 
closed porcelain tube. An iron tiiljc which m grounded, sur- 
rounds the air gaps and equalises the ehsclrostatle gradient. 
When a discharge passts between the metal electrodes which 
form the gaps, it expands the air and eotuprtwim It, thus ex- 
tinguishing the are. Protectors of this tyfm are moat fre- 
quently used on 2,200-voU ^Ic linea for clistribuling-irnna- 
former protection. They have a limitol discharge capacity. 

266. The Mectroljrtic Lightning Protector, provid«, prob- 
ably, the m^t effeotive insurant^) against lightning damage 
now known. Protectors of this typo can las furawhed for 
alternating-current and direot-ourront circuit# of any oom- 
nmroial volt^. Their disadvantages are that they aro 
relativ^y expensive wd they require a certain amuHint 
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of attention. However, these disadvantages are of minor 
consequence when expensive equipment is to be protected. 
Only the alternating-current 
protectors will be described 
here. 

257. The Principle of the 
Electrolytic Protector may be 
understood from a consideration 
of Figs. 173 and 174. The 
protector consists of a stack 
(Fig. 173) of cone-shaped, 
aluminum, plates or trays spaced 
about 0.3 in. apart. A solution 
of electrolyte is poured into the 
spaces between the plates. The 
completed stack is mounted in an 
iron tank which is then filled 
with oil. The oil not only pre- 
vents the evaporation of the 
electrolyte but also prevents a 
rapid rise in temperature when 
the protector is discharging. 

The upper plate of the stack 
is connected to a horn gap (Fig. 

176). The lower plate is also 
usually grounded on the tank which is also (on a grounded 
neutral system) connected to ground. 

400 
320 

«240 

I 

t 

I 

do 


0 

Rco. 174 .^Gra|>li sIxowixLg How eiectroly^o protector permits ourrent 
to flaw readHsr at premr^ above 330 volts per oeU. 



-ToHornOap 

Porcelain Bushing 

.'Metal Cover 



Fig. 173 . — ^Sectional elevation 
of a General Electric Company 
electrolytic protector. 
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268. The Chemical Action of the Electrolyte usually is 
such that it forms on tho surfaces of the aluminum plates a 
film of hydroxide of aluminum. At voltages below about 
350 (Fig. 174) this film has an exceedingly high resistance. 
However, at voltages in excess of 3.50 the resistance of the 
film is very small. Thus, an electrolytic cell arranged as sug- 
gested, forms an electrical safety valve which operates at a 
pressure of approximately 350 volts. However, at voltages 
below 3.50 some current would flow through tho protector if it 
were left connected to a “line” circuit wire. Therefore, it is 


- frmn ling 



Fm, 175.— 8cht*niatk‘. diagram fcir a grouiwlftci-iieutral, three* 

phaiic electrolytic protector. 


necessary to connect in series with it a horn gap, as shown in 
Pig. 175. The number of aluminum plato which is neces- 
sary to connect it in series is determined by the normal 
voltage of the lino to bo protected. There should be one cell, 
approximately, for each 350 volts of normal line pressure. 
Fig. 176 shows the construction of an electrolytic protector 
for 160,000 volts. Fig. 177 shows a complete installation. 

Not*!.— For charging an electrolyUe protector the horn ga{» are closed 
together by moving a suitably arranged lever. One side ^ the hom gap 
is hinged to provide for this. 

269. The Axraf^ement of Electrolytic Pro^^rs on 
Grounded and Hq^ounded Neutral Three-phase Systems 
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is grounded, a voltage greater than the normal voltage be- 
tween phase wires (Li, L 2 and L 3 ) can never be impressed across 
any one of the three cells (1, 2, and 3) if they are arranged as 



Fio. 176. — Section throiigli a general-eleotrio-oompany 116,000-136,000-volt 

©lectrolytac arrester tank. 


shown in Fig. 175. However, if the neutral is ungrounded 
and an accidental ground occurs some place on the line, a 
voltage equal to almost twice normal voltage (1.73 X normal 
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voltage) would be impressed across one of the protector tanks 
if only three were used (Fig. 175). Therefore, where the 
neutral is ungrounded, a fourth cell or tank (4) is placed in 
th.e ground lead, as diagrammed in Fig. 178, to insure that a 
voltage greater than normal will never be impressed across 
any one of the four cells. E is the ground connection. 

260. In Selecting Choke Coils it is necessary to exercise 
judgment. In a general way the protective ability of a choke 
coil increases as the square of the mean diameter of the coil. 
■With choke coils of equal length and equal mean diameter* 



}Fxci. 179. — lCM}-amp, chok© ©oil dosignod for pressures of 0600 volts and lower. 

(General Electric Company.) 

the protective ability varies as the square of the number of 
turns. From the standpoint of lightning protection a large 
choke coil is desirable. However, the larger the coil the 
greater its impedance and resistance. If a coil is too large 
the voltage drop and energy loss in it will be excessive, hence 
in, selecting the coil it is desirable to consider these features 
and choose one of a size which practice has shown to provide 
suiiicient protection without excessive energy loss or voltage 
drop. 

26i. A Choke Coil for Low-voltage Circuits is shown in 
Fig- 179. It comprises merely a coil of insulated wire of 
sufficient crcws-soctional area to carry the current of the cir- 
cuit into which it is to be connected. This coil is wound on 
an insulating <k>re which is mounted on an insulating base. 
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Suitable terminals are providocL The eorcj in net iH!(*e,HHary 

except to insure mechanical rigidity. Ilortuvmado coils 

can be readily constructed by farming a helix of wint. 

262. Air-insulated Choke Coils for higher voltages are con- 
structed as suggested in Figs. 180, 181 and 182. 'rfns tyjHi 
shown in Fig. 180 offers very effective protection, Init is ex- 
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Fig. 182. — Air-insulated choke coil for 
pressures up to 150,000 volts. 


jp’io. 183. — Westinghouse oil- 
insulated, self-cooling choke coil 
for pressures of from 26,000 to 
70,000 volts. 


264. AppEcation of Altemating-ciirrent Lightning Protec- 
tors. — The following table indicates in a general way the 
services for which certain of the Westinghouse protectors of 
the different types are fitted. The price increases from the 
top to the bottom of the table. 
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266. The Desirability of Maintaining Constant the Voltage 
Impressed by a Generator is well recognized. This is par- 
ticularly true where an incandescent lamp load is served by 
the generator. The graph of Fig. 184 shows that a small de- 
crease in voltage results in a material decrease of candle- 
power and wattage. A decrease in the wattage involves a 
corresponding loss in revenue 


to the central station. A de- 
crease in candle-power in- 
volves dissatisfaction of the 
consumer. 


Example. — Referring to the 
graph of Fig. 184, a 2 per cent, 
decrease in voltage decreases the 
candle-power to 93H per cent, 
of the normal candle-power and 
the wattage to 96K per cent, of 
the normal. Furthermore, fewer 
lamp renewals are necessary where 
the voltage impressed on the 
lamps is maintained constant and 
also higher-efficiency lamps may 

be used. When the voltage increases above normal, the lives of the 
lamps are correspondingly decreased. While for the operation of motors 
it is not so mential that the voltage variation be a minimum, it is de- 
sirable because bum-outs of motors and control apparatus may result 
if the voltage is too low. 



Fig. 184. — Graph showing varia- 
tion of candle power and wattage of 
tungsten lamps with variation in im- 
pressed voltage. 


266. There are Several Factors Which Tend to Cause 
Variations in the Voltage impressed by the generator on the 
bus-bars. The prime-mover speed may not be constant — 
this holds true for both steam prime movers and waterwheels. 
Voltage variation can also be due to the I X B drop in a gen- 
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erator which increases with the load With alteriiiitiiig-f’iir- 
rent machines, variation in generator voltage will rcBuli wliiiii 
the exciter voltage varies due to some cause or otiier. 

267. The Function of the Automatic Voltage Regulator m to 
maintain constant the voltage which is impresscil by a gen- 
erator on the bus-bars. This function is performed aceuriil fly 
and most satisfactorily by automatic regulatore of the Tirrill 
type, the principles of which will be described in foliowiiig 
articles. 



riQ, lB5r 


-Arrangemont. of an automatle voltage rf*iiil»tor ftir a sittall 
<i ireot-mirren t gcm#rati>r. 


268. The Principle of the Automatic Voltage Regulator is 
illustrated in Fig. 185. The voltage imprassod by any gen- 
erator on its bus-bars can be maintained almost constant by a 
man operating the field rheostat. However, such a method 
would be very expensive and would not effect as tdose voltage 
reflation as will the automatic device to he descril^ed. The 
principle of the automatic regulator is this: If the voltage 
impre^d by the generators on the bus-bars increases, the 
automatic regulator & ghmifc 
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increases. When the generator voltage has attained normal 
the short-circuit around the field rheostat is removed and the 
voltage then tends to decrease. In an actual regulator con- 
trolling a generator serving a varying load, this short-circuit 
is continually being placed around the rheostat or moved 
therefrom, as occasion demands. The result is that the con- 
tacts which make and break the short-circuit path are moving 
continually somewhat as the contacts in an electric vibrating 
bell move. However, the vibration of the automatic regulator 
contact is not uniform because under certain constant load 
conditions, the contactor may not vibrate at all. Obviously, 
then, the regulation depends on the rapid making and breaking 
of the short-circuit in contacts. 

Explanation. — The arrangement of Fig. 185, showing a voltage reg- 
ulator for a small direct-current generator, is designed to maintain a 
constant voltage, El, across bus-bars LJjz, The closing of the contact A 
short-circuits the field rheostat, R, The opening and closing of contact 

is in turn controlled by the differential magnet M, Magnet M has 
two opposing windings, Wi and W 2 - One of these windings is in series 
with contact C, the opening and closing of which is controlled by relay 
B which is connected across the bus-bars. When C is opened only wind- 
ing W I is excited. A is then opened by the pull of Wi. When contact 
C is closed, Wa is also excited, which neutralizes the effect of TFi. Then 
A is closed by the action of the spring St. Now, if the voltage, El, rises 
above normal, relay B is excited sufficiently to overcome the pull of spring 
^ 2 . B then pulls down plunger P and opens contact C, deenergizing W^. 
Thereby contact A is opened, removing the short-circuit path around 
R and inserting E in the shunt-field circuit. The insertion of in the 
field circuit decreases the field current and excitation and decreases the 
voltage developed by G, If the voltage, Et, decreases, the operation is 
reversed. The ultimate result is that the contacts A and C are in almost 
constant vibration. They remain either open or closed for such longer 
or shorter intervals as may be necessary to maintain El constant. 

269. Voltage Regulators foi Small Direct-ctmrent Genera- 
tors operate on the same principle illustrated in Fig. 185 and 
described in the above explanation. The exterior appearance 
of one of these devices is shown in Fig. 186, which is lettered 
to correspond with the diagram of Fig. 185. If the shunt-field 
current is greater than can be satisfactorily ruptured by one 
contact, A (Figs. 186 and 186), several of these contacts can 
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be arranged in multiple. A multiplc-eontaet regulator, ojicr- 
ating on the pritieiide kIiowii in Fig. IHo, can control direct- 
current gcncratons of capacititw uj) to 12.o kvv. 

romi'fiTi 




*5' F-'i '*" ^1 * 




fi^h \5 


Fi«. 180."— Ecgulator for small ilirfic^t-oumint g«*rii»riilii». 
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fia. 187,—IMiiSimtlfiif Ih® prindpl® of aa ftatenifttie voltei# »• 
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c»riitor fif^lci. 187 bIiowh only thcj prin<n|)le, ho(%n.UHC‘, im 

wi!! hi* the aoiual cormf niaticm of ih<; n*|y^ulaU»r fen* 

nil altariniliiii^-nirront cinnat in more eomplicatetl than thaf 
Hiiggr‘Hfei in I’lg. IH7, 

ExFLAXiiTifiN'. If till! g;f‘rtemtar Vf»lt.ag<‘, Ei, (!'%. 

187j, ifirrf!»i4i*8 iilM>vr? iiriririiii tha plurigfr in tiH! ar relay *S i« 

riiist'fL HiiH upmm vmiiiu'i f.*2. Then U\ i« cie«‘nergi/,i!<l anci 

thf! fiiill of 11'^ o|»*!ii4 ri'iiitaei f *|, ihf!ri*l»y the reHmianeit, in in 
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Fig. 189. — Automatic voltage Fig. 190. — A large capacity regu- 
regulator for small capacity exciters lator having five relay contacts, 
mounted on a 31-in. panel for in- (See Figs. 188 and 191 for diagram), 
sertion in a switchboard. 

When F is energized G is pulled down against the tension of the 
spring Si, tending to open the contact D. The pull on F is in 
direct proportion to the exciter voltage. All other features 
are substantially similar to those previously described. 
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Explanation. — the altoriJuUng voltage decreases to below normal 
the plunger in A (Fig. 188) (doses contact 1), This permits current tc) 
flow via the path shown l)y the dotted arrows, thus closing contact I and 
short-circuiting tlie exciter-field rlicostat. Thereby the exciter voltage 
and the alternating voltage is raised. Now as the exciter voltage in- 
creases, F is energized and contact D is raised. However, if the alter- 
nating voltage remains low the lower contact at D follows the upper one. 
If now the alternating voltage increases above normal contact D is opened 
which again causes R to be inserted in the exciter-field circuit. Where 
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Fig. 191.— Schoraatie diagram of eonaectlons for a regidator controlling 
large exciters, mvoral relay contacts arc used. 

the exciter capacity is small or where there is only a single exciter one 
contact suffices (B%. 1S9) at L In stations where there are a number of 
exciters the relay // operata a number of contacts, /. There may be 
one or more than one relay contact for each exciter as shown in Figs. 
190 and 191. In important installations a separate regulator may be 
used for each exciter. 

272. A Voltage Regulator for Large Direct-current Genera- 
tors operate on a principle similar to that diagrammed in 
Fig. 188. Howeyer, in the direct-current regulator, the con- 
tacts must short-circuit the generator-fidd winding because 
there is no exciter on which they can act. 

273* The Capacity of the Reky Confew^ts, in amperes, is 
what, in gen:»al, determines the capacity of the regulator. 
One contact has a capacity of about ^ kw. of ^citer output. 


i 



FtO'. 19B. — Arrangement of a Une-d'rop dompeamtor lor » wltaf# rtgnlator. 


is in ^cess of about 50 kvr., additional contacts must be an* 
ranged in series, each shtinring a portion of the exciter-field 
rheostat. 

274. Hie Operaiicm oi Generator Volt^ R^^tors in 
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Parallel is the practice in many important installations in 
which each generator has an individual exciter and regulator, 
the combination comprising a complete and distinct unit, 
rig. 192 illustrates an arrangement of this type. Cross-cur- 
rents between the generators, which might occur because of 
the exciters having different characteristics, are eliminated by 
a certain arrangement of voltage and current transformers. 



Fig. 194. — Arrangement of an automatic regulator for exciters of small 
capacities controlling several alternating-current generators in parallel with 
their exciters in parallel. 


275. Compensation for Line Drop is effected by means of a 
compensating winding (K, Fig. 188). The object of this com- 
pensation is to maintain, as nearly as practicable, a constant 
voltage at a center of distribution out on the line distant from 
the generator and station. As the current through Li (Fig. 
188) increases the excitation of K increases accordingly. The 
pull of K being proportional to the line current is, in general, 
proportional to the line drop. Therefore, the pull of K, in 
combination with that of A, can be so proportioned that the 
average line drop wdll be compensated for by the regulator. 
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A dial switch is provided in combination with K to provide 
the proper value of compensation for the feeder circuit in 
which current transformer J is inserted. A special compensa- 
tor (Fig. 193) is provided where it is necessary to compensate 
for both resistive and inductive drop. 

276. Connections for Voltage Regulators for Different 
Services are shown in Figs. 192 and 194. There are almost 
innumerable possibilities in the arrangement of these regu- 
lators for different services. Those illustrated are typical. 
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Fia. 195. — Regulator mounted at side of a switchboard panel. 


277. In Installing Voltage Regulators they may be arranged 
at the end of a switchboard attached to one of the panels as 
shown in Fig. 195 or they can, if mounted on a standard- 
panel section (Fig. 189), be incorporated directly in a switch- 
board. It is also feasible to mount a unit like that of Fig. 190 
on the front of a switchboard. 


SECTION 13 


SWITCHBOARDS AND SWITCHGEAR 

278. The Distinction Between “Switchboard” and “Switch- 
gear” should be understood. By definition “switchgear con- 
stitutes the parts or appliances, collectively, which make up 
a complete equipment for controlling and metering the elec- 



trical energy output or input of an electrical station or some 
electrical device.’’ 

279. The Function of a Switchboard may be explained thus: 
A switchboard is that component of a switchgear equipment 
on which are mounted the meters, switch-control handles, 
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rheostat handles and similar contrivances. For the control 
of small amounts of power at low voltages it is, as will be shown, 
most convenient and economical to mount all of the switch- 
gear on the switchboard, in which case the board is then said 
to be self-contained. Where the power output is large or at 



Synchronous Converter Panels ^or Engine Feeder Panels 

Driven 
Generator 


Panels over 4000 Amp, have Top Sections 40 In. High 
and for Fig. A and C are 20 In. Wide. 

Generator and Converter Panels 4,000 Amp. and Less 
for Installation in the Same Board with Larger Panels 
will also be Furnished wfih 40 In. Top Sections. 

Fig. 197. — Unit switchboard panels for 600- volt, direct-current, railway 

service. * 


high voltage, it is necessary to install certain components of 
the switchgear at locations distant from the switchboard 
proper. That is, imder those conditions remote controF' is 
utilissed. A switchboard which involves remote control is 
called a remote-control switchboard. However, in general, the 
control is always effected from and by means of switches, 
mefcers and apphanees on the switchboard. 

• O^^al'Eleetdo Oompaity. 
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280. Switchboards May Be Divided Into Four Classes: 
Panel switchboards (Figs. 196 and 197) ; control-desk switch- 
boards (Fig. 198) ; pedestal switchboards (Figs. 199 and 200) ; 
and post switchboards (Fig. 201). 



Fia. 198. — End elevation of the con- 
trol desk and instrument board. 



current generator. 


281. A Panel Switchboard (Figs. 196 and 197) is one com- 
posed of panels of insulating material supported on a suitable 
iron framework. The various switches, instruments, rheostat 
handles and other control appliances are mounted on these 
vertical panels. Each panel is, for the larger switchboards, 
composed of sections. The panels are mounted side by side 
to constitute a complete switchboard. 

282. The Procedtiire in Laying Out a Switchboard is indi- 
cated in an dementary way in Figs. 202, 203, 204 and 206. 
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These show the control and measuring equipment for a small 
direct-current compound-wound generator which serves four 
feeder circuits. The first step is to make a simple single- 
line’’ diagram (Fig. 202) indicating what it is desired to ac- 
complish with the switchboard. Such a diagram usually shows 
only the important elements such as switches, fuses, circuit- 
breakers and the like and their general relation to one another. 
Then as a second step a circuit diagram (Fig. 203), which shows 
all of the devices which are to be incorporated, can be made. 



Fia. 203. — Circuit diagram for switchboard lay-out for a single compound- 
wound generator. 

Working from this basis the equipment can be arranged on the 
front of an insulating panel of suitable size (Fig. 204). Then 
the arrangement of the apparatus and wiring on the back of the 
board can be worked out as suggested in Fig. 205. After the 
layout of the back of the board has been examined it may be 
necessary to alter the locations of certain equipment on the 
front. The front and rear layouts must be developed in 
conjunction. It is not practicable to develop one inde- 
pendently of the other. The lettering on Fig. 203 corresponds 
with that on Fig. 205. 

283. In Arranging the Switchboard Panels it is usually 
desirable to locate the generator panels (Fig. 206) at the left 
and the feeder panels at the right, although it may be advisable 
to depart from this practice under certain conditions. Totalis- 
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ing panels or tic-bus panels may l>e i.^ortecl l>etwcen the 
generator and feeder panels !is shown at 7 , I-ig. ZiH,. 


Fio. 204.— Front vkw of iiwltoh- 
board panel for a single eoropound- 
wound direct-current generator. 
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self-contairu5(I Kwitchlwards. Panels for switchboards of 
medium or large capacity are almost universally made 90 in. 
high (Fig. 197). Tlie “unit” sections of a 90-in.-high switch- 
board are, in accordance with tlie practice of one manufac- 
turer, of the heights indicated in Fig. 197. Where only two 
sections constitute a panel, the lower slab may be 25 in. high 
and tlie npimr slab (i5 in. A different manufacturer uses a 
62-in.-high upI«^^ slab and a 28-in.-high lower slab. The 
general practice is now, however, to always use three sections 
for 90-in.-!ugh panels, in which case the section heights may be 
as shown in h’ig. 197, or in8tea<i, the upper section may be 20 
in. high, tlic mi<ldlu section 45 in. and the lower 25 in. high. 

Notb.— I t haa lasai explained that the reason why these particular 
dimension* were lalopMd is that a 20-in.-high section at the top is of 
ample proportion* to nupport the standard brush-type carbon circuit- 
bretdeer, which is often lcK:at«l at the top on the switchboard so that the 
arc which rw* from it, when it operates under load, cannot do damage. 
The height* of small ainghi-noction panel switchboards like that of Kg. 
196 have not buicn thoroughly standardized. One company uses a 
height overall of 5 ft. 4 in., where feasible, for boards of this general design. 

rj * Strep Irpoj 




207 ,“-Wro««hfr*irwB pipe frame 
for (twitchboard.* 


View 

20S. — ^Wrought-iron pipe sup- 
port for small panel. 


Wwmism fw Switchboards are made either 
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ponents of the pipe frames are shown in Figs. 207 luni 2r>H fi,r 
90-iii. and 64-in.-high boards respectively. 'J’lie pipe frameH 
appear to be becoming more popular. 1 ho gonoistl (tcuisi! uc- 
tion is apparent from the illuatralion. Btamlanl angle-iron 
frames are constructed as illustratfsl in Fig. 200. Tin' angle- 
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Fio. 209.— Ar|j^le-iron tmm% for 


iron frame provides a very rigid support tor the 8witchf»c>ftr«i 
panel. In every installation a substantial olmnnet bast.*, C 
(Fig. 209), should be provided to form a level snrisubslaritial 
footing on which the upright pipe or single nieni!>er8 whitfti 
support the panel can rest. 

286. Fittings for Supporting Switcligear, sometirntis called 
“switchgear details,” can now be obtained in many dififerent 
designs, some one of which will satisfy ^most any condition. 
Fip. 210 and 211 show typical forms. The dmwlni; of Fig. 
211 details tihe fittings for an iron pipe brace whleb may ^ 

• Westin^Iioiss© Swsferi© 4 Mfg* C©* 



Fio. 210. — Fittiags aad appliances wMch are regularly manufactured for 
switcliing installations. * 


an insulator. Either slate or marble is now ordinarily used 
for this service. Slate costs less than marble and is stronger 
but is not as good an insulator; tlierefore, where the pressure 

• Electric Journal^ May, 1913, p. 82. 
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for which insulation must be provided is more t.bA.Ti 750 volts 
or less than 1,100 volts the use of marble is imperative. How- 
ever, modem switchboards (even those for the control of appa- 
ratus operating at the highest commercial voltages) do not 
have extending through them, conducting members the differ- 
ence of potential between which exceeds 110 volts. Even 
for 2,400 and 6,600-volt switchboards the oil switches, the 
instrument transformers and the other members upon which 
line voltage is impressed are thoroughly insulated from the 
switchboard sections. 



Fig. 211. — ^Wall or floor brace. 


Note.— Therefore, slate sections can, from an dectrical standpoint, 
be used for practically any switchboard. The marble sections soil 
easily and are, under certain conditions, almost impossible to c1»«n The 
black-fimshed slate panels will always look well if reasonable attention is 
given to them. There does not appear to be any justification for the use 
of marble as a switchboard section material except in display iT»i f.allo«nT>B 

288. Panel Switchboards Are Used more frequently than 
those of any of the other types because of their adaptability 
to the many different conditions. They may be utilized for 
the control of practically any direct or alternating-current in- 
stallation. However, as will be explained, switchboards of the 
pedestal, post and control-desk types may be desirable or 
necessary for lai^e or complicated installations. Self-con- 
iained panel switchboards may be used where the voltage does 
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not exceed 6,600. Remote-control panel switchboards can 
be used for equipment operating at higher voltages. 

289. Post Switchboards (Fig. 201) are practically always of 
the remote-control type. They may be used in large installa- 
tions wherein they may be so located that they can be readily 
observed by the operator without obstructing his general view 
of the station interior. 

290. Pedestal Switchboards (Figs. 199 and 200) are some- 
times called control pedestals. These of the type suggested 
in Fig. 200 are used in conjunction with instrument posts for 
controlling generator or feeder circuits. One pedestal may be 
provided for each generating unit, which minimizes the possi- 
bility of the switchboard operator effecting misconnections. 
The pedestals are sufficiently low that they do not interfere 
with the operator observing the interior of the entire station. 
Equalizer pedestals (Fig. 199) are used for supporting the 
equalizer switches for compound-wound direct-current gen- 
erators. Such a pedestal may be located near each large 
direct-current generator so that the cost of the relatively large 
cables to the switchboard proper, which would otherwise be 
necessary, is eliminated. The application of an equalizer 
pedestal is shown in a following illustration under the heading 

600-volt Railway Switchboards. 

291. Control-desk Switchboards (Fig. 198) are always of the 
remote-control type and are ordinarily desirable only for large 
installations. The instruments are usually arranged on vertical 
panels. In the face of the control desk are arranged the re- 
mote-control switches and indicating lamps and on its face is 
frequently mounted a miniature bus structure whereby the 
operator can observe at any time the conbination of inter- 
connections then existing between the generating and convert- 
ing equipment in the station and the Hues or feeders radiating 
from it. 

292. Direct-current Switchboards are practically always of 
the panel self-contained type, with the exception that equal- 
izer pedestals (Fig. 199) may be, in large installations, used in 
combination with them. (The statements just preceding ap- 
ply to direct-current switchboards for pressures not exceed- 
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xn^ 600 volts. Recently direct pressures of 1,200, 1,500, 2,400 
^xidL 3,000 volts have been proposed for long-distance electric 
x-a^il-ways. With these relatively high voltages remote-con- 
“brol switchboards of either the mechanical or electrical types 
xxigty, under certain conditions, be desirable. 

293. Direct-current Switchboards for Small-capacity Jn- 
s^tsLllations may be of the general single-section panel design 
^^^gested in Fig. 196, which shows a switchboard for the con- 
"bx'ol of two compound-wound generators and seven feeders. 


.'Positive Main Bus 


f Negative Main Bus ^Neutred Main Bus 



''Compensator 


• + Positive Equalizer 
- - Negative Equalizer 


.'Negative Main Bus 


’< ; -Generator Panels ••>- < -feeder Panels — ~v 

' wlth'""'*^"wl1h "^■ 2 Yiire' - -x 3 Wire -> <-Z Wire-x2 Wlrex2WlrexlWii9HlWine> 

P^edestai Pedestal Orounded 

Negative 

212 . — Typical low-voltage, direct-current, switch-board connections. 


and (r 2 are the generator switches. The middle blade of 
eacli of these switches is in the equalizer lead and is unfused. 
Tlie feeders Fi, Fi and F,, for the motors, are protected by 
circTiit-breakers. The lighting feeders, Ft, Fs ,F» and F, are 
protected by enclosed fuses. 

294. Direct-current Switchboards for Installations of 
XkCe<3itun and Large Capacity, are practically always of the 
tJ 3 .r©e-section panel type (Fig. 197) and are 90 in. high. 

296. The Essential Circuit Diagrams for Direct-current 
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Switchboards are shown in Fig. 212. This indicates how two- 
wire and three-wire generators are connected and how one- 
wire, two-wire and three-wire feeders may be arranged. 

296. A Moderate - capacity, Two - wire, Direct - current 
Switchboard is shown in Figs. 213, 214 and 215. These 
illustrations* show the general construction of a unit section, 

Double Pole Circuit Switches 



Fig. 213. — Front view of the five-panel direct-current switchboard. 


direct-current switchboard for a naedium-capacity, isolated- 
plant installation operating at a pressure of 110 volts. Fig. 
216 shows the connection diagram. Each lighting feeder is 
controlled by a double-pole knife switch protected with en- 
closed fuses. Each motor feeder is controlled and protected 
by a double-pole automatic circuit-breaker. Each of the two 

• Roland, Applusd Eusotbioitt fob PBAcncAL Mbn, p. 100. 
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generators has its own panel and is protected by a double- 
pole circuit-breaker, Bi and Bi. In a moderate capacity 
installation such as this the equalizer lead from each generator 
is carried to the switchboard and connected to the center 
blade, Ei and Ei (Fig. 213) of the main switch. 



MairtFttm, 


S®CTlori dt d 

Fig. 214.— Vertical sectioa taken Juit to the right of on© of th© gintrator 

panels. 

297. Large-capacity Two-wire Direct-current Switch- 
boards are usually arranged so that an isolated equalizer 
pedestal (Fig. 199) may be used for economic reasons above 
outlined. Fig. 217 diagrains typical conneettons for a 
generator pand of this type. The generator panel i1»elf is 
illustrated in Hg. 218. The feeder panels are usudly 
constructed about as shown in Fig. 219. 




Fig. 215. — Hear elevation of the five-panel direot-cmxent switchboard. 

220-volt direct-current generators and three feeders, one of 
the feeders being 220-volt two-wire. 

299. Switchboards for 600-volt Direct-current Railway 
Service are really two-wire switchboards but due to the fact 
that a ground return is almost always used for railway cir- 
cuits, certain variations from the standard two-wire con- 
struction is necessary. Only one side of the circuit, usually 
the positive, is carried to the switchboard as illustrated in 
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Fig. 221. Both the equalizer switch and the negative switcli, 
if such is used, may be mounted on a pedestal, 1\ and (see 
Fig. 199 for detail) located near the machine. The negative 
side of the line is carried to a ground connection near the 
pedestal. Hence, in effect, the earth itself constitutes tlie 
negative bus. By utilizing this “singU-bm” design material 






■maiti 


Sirm ‘ 
W/rw/ifi0 


-‘f'mM W:0»m0 




Fxa. 216 .~Wirhig diagram fitr th© nwltrlikwinl* 

economies in first cost arc realized. Both the generator 
and feeder panels (Fig. 197) can then be made narrower 
because only a sirrgle-pole switch is ncco^iy on the panels. 
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'I'in* I'cniiilf'-roiii ml hoards ho further stthdividod into; 
1 ( 1 ) tiicchiuiii'iil rniKifi -atnlriil, and (5) dedriaU rcmak-c.ontrol. 
It is tisu.ally tronii [tractict; for all except extraordinary con- 
liitioiiK, to use self-contained .switehhoards for alternating- 
current Hcrvice at, preasui'e.s not exceeding 6,600 volts where 
file capacity of the .station doe.s not* exceed about 3,000 kva. 
Where the cai»ucity or the voltage exceeds tlic value just noted. 


PmHm 



Wm, 217, wiring whifrii firitiiillwir 

m CBatrk vi«w.) 








L 

Fio. 221. — Typical conncctioDi diagrain for a 600-volt, direct-current railway 

jfwitcfiboard. 
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current switchboards which arc now installed are for three- 
phase service. 

301. Alternating-current Switchboards for Three-phase 
240- and 480-volt Service are (except tliosc of great capacity) 
nearly always self-contained. The wiring (Uagrain for^ a 
typical outfit of this character is shown in Fig. 222. The 
general appearance of such a board would be the same as that 
for a 2,400-volt board shown in Fig. 223. It should bo noted 



Fio. 222. — Typical wiring diagram for a 240- or a 480-voH awitchlstard.* 


that oil switches are used for the three-phase switches in this 
installation. 

301A, Switchboards for 2,200 to 2,400-volt Three-phase 
Alternating-current Service f are also nearly always self-con- 
tained. Figs. 223, 224 and 225 show the external apyKsaranco 
of a typical switchboard of this character while Fig. 228 
delineates the detailed wiring diagram. Fig. 227 shows a 
single-line diagram of the board. This equipment m typical 
of that which would be used in a central station wliich sup- 
plies light and power to a small city. Two generators, Gi and 
Oi (Fig. 227), and two excitera, Ei and Ei, serve, together, 

♦ Ebotrio & Maatijfaeturing Co. 
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four feeders, Fi to Panels 1 and 2 are the combination 
generator-and-exciter panels. An automatic voltage regu- 
lator is mounted at the end of the board on panel No. 1. 
Panel 3 serves two three-phase power feeders. Panel 4 con- 



Fig. 223. — Perspective view of the typical 2400-volt, three-phase switchboard 
for power and lighting service in a small town. 

trols the rectifier circuits for the series direct-current arc 
lighting. Panel 5 carries the auto-starter and ammeter for 
the alternating-current motor end of a synchronous motor- 
generator set which supplies the town with direct current. 
Less expensive switchboards of the general construction indi- 
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Fia. 226. — Gonnectioii diagram of the switchboard of Figs. 223, 224 and 225. 
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cated in Fig. 196 may be purchased for simple alteriiatiug- 
current installations but inasmucli as plenty of room is desir- 
able on an alternating-current switchboard the 9C)-iiL-liigh 
type (Fig. 223) is usually preferable. 


Notej.— The advantages accruing through the use of rernoto-nifK’liiiii- 
ical-control switchboards as compared with self-con taineci switchbonrdii 
have been thus summarized by C. H. Sanderson in his Bwitciiiioaeoh 
FOR Alternating-Current Power Stations: (1) All liigh voIiiige« 
are removed from the panels, thus permitting ready inspettiion of the 
instrument and control wiring, eliminating danger of injury to atteiKlantg 
from contact with live parts, permitting the location of tlic bemn! to 



much better advantage m regards 
the remainder of the installation l>e- 
causo less space and less proUattkin 
are required. (2) Panels are not 
subject to the niechanicai strains 
duo to automatic operation or to the 
dead weight of the apparatus. (S) 
In case of marl>Ie parielii thciir ap- 
pearance ia not marred by siiiini 
from creeping oil. (4) Violent expio- 
switchboard of Fig. 226, which aometimci occur iii>on 

the opening of lieavy currenfj or tlm 
possible failure of a circuit-breaker will not injure the panels arid, if the 
circuit-breakers are sufficiently spaced or are enclosed in fire|>rcM:>f cells, 
adjacent circuit-breakers will not be affected. (5) The panels may bt 
much narrower, the reduced cost thereof offnsetting, to a coiiildiirable 
extent, the additional cost of the remote-control feature. Moreover, 
the decrease in total length of the board may result in a very irmterial 
saying in cost. (6) A more compact arrangement of the apparatiii ii 
of great assistance to the operator, approaching as It doci more nearly 
to the compact and efficient arrangements obtained by niearw of control 
desks. (7) Much shorter main connections are matte fjowsiblfi, arid liigli 
voltages kept away from certain floors, or certain rooms by loriiliiig the 
remote-control structure properly. (S) Where a wall is usctl for sup- 
porting the apparatus, the cost of the complete outfit may bo roiliimil 
to very near that of the self-contained type of board, and, la ioriie amm 
of very heavy capacities at low voltagai, may be liw» in cost* Irlowioviir, 
accessible arrangemente of apparatus with ample spacing may ttaily 
be obtained, (9) Wbere a st^l or mmmry itruciiiri k ««d, accfiw 
may be had to either side of the structure and an arwuigenieat of this 
kind will satMactorily accommodate the mmltmm amoiint of appiyraltii 
ordinmily ub^ for eiihmr an^e- or double-throw mrmgmmmU* 
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302. An Alternating-current Mechanical Remote-control 
Switchboard is shown in Figs. 228, 229, and 230. A wiring 
diagram is given in Fig. 231. Boards of this general design 

IndWjv.', 



j 1 1 1 1 1 I 

K- 2 Ft . 

U - ■ m 4 ln ,- 


Fig. 228. — Front view of the mechanically-operated remote-control switch- 
board. 

are suitable for applications for voltages not exceeding 35,000 
and capacities not exceeding 25,000 kva. three-phase.* It 
should be noted that all of the alternating-current control 



apparatus is supported on a structure independent of the 
switchboard panels. The control equipment can, for relatively 
low voltages, be supported on a wall directly back of the 

• C. H. Sandersan, Switohboahds mm Ai^rnatino-Cubrent Power Stations. 
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txafer Am. Instrument 



I- Sectioned Elevation 


Fig. 230.— Rear view and sectional elevation of remote-control switchboard 
mechanically operated. 



Fig. 231. — ^Wiring diagram for a ts^icaJ mechanical remote-control switch- 
board* 
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Fig. 232. — Mechanical remote- 
control circuit-breaker mounted on 
wall. 


Fio. 233. — ‘ArraiiKciiriiirifc td tm%- 
clianical romote-conirr.il 
utilizin#? wall and m, pipe irmum fr#r a 
supporting structure.* 



Fio. 234. Eemote mechanical oil oirottit-brtakwr mmng^4 iii 

structure. * 
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switchboard proper, as shown in Figs, 230, I and 232. Or it 
can be carried on a specially designed pipe frame (Fig. 233) 
back of the board. Where the voltage is relatively high and 
the bus structure should, therefore, be located in rooms or 
chambers distant from the switchboard, the circuit-breakers 
can be mounted in a masonry structure as suggested in Fig. 
234. 



Fig. 236. — Remote-control oil switch in masonry-cell mounting. 


303. Electrical Reraote-control Switchboards are ordinarily- 
used only in the largest and most important installations. 
The small switches .which control the operation of the large 
oil power s-witches may be mounted on a panel switchboard, 
on a control pedestal (Fig. 200), or on a control desk (Figs. 
198 and 235). The instruments are mounted on the upper 
part of the board where a panel switchboard is used or on an 
instrument pedestal (Fig. 201), where a control pedestal is 
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utilized. With a control desk the instruments may lx* 
mounted on posts (Figs. 198 and 235) or on a vertical ui)ward 
extension of the control desk. As suggested in Art. 291, on 
the face of the control desk is arranged a miniature bus stnu!- 
ture. The operation of the small switches on the switch- 
board permits current to flow through the magnet M, Fig. 
236, of the electrically operated remote-control oil switches, 
whereby they may be opened or closed at the will of the 
operator. In general, no two electrically operated remote- 
control boards are alike because each is usually designed to 
satisfy certain specified conditions of operation. The possible 
variations in design are almost endless, hence cannot l«3 
considered here. 


SECTION 14 


CHARACTERISTICS OF ELECTRIC GENERATING 
STATIONS 

304, The Procedure Which Will Be Followed in Describing 
Electrical Energy Generating Stations is this : First, certain 
general considerations relating to all generating stations, re- 
gardless of the types of their prime movers, will be treated. 

Second, the adaptability of each of the different classes of 
prime movers: (a) steam, (6) internal-combustion engine, and 
(c) hydraulic, will be described. Third, stations having steam 
prime movers will be studied in some detail. Fourth, stations 
having internal-combustion engine prime movers will be con- 
sidered. Fifth, hydro-electric stations will be examined. 

306. In Determining the Cost per Unit of Electrical Energy 
Generated by a Station a number of factors must be included. 

Among these may be: (1) cost of fuel, if any; (2) labor cost of 
attendance and operation; (3) cost of supplies, such as oil and 
waste; (4) interest on the investment; (5) depreciation; (6) 
taxes; (7) insurance; and (8) repairs. How all of these factors 
may be recognized in estimating the total cost is indicated in 
the example just following. It is obvious that each specific 
problem must be considered on its own merits. The reasons 
for this are that the efficiencies of the apparatus involved, the 
cost of fuel, the cost of attendance and similar elements, will 
vary widely under different conditions. 

,, Example of Method op Detbemining Cost op Generating Energy. 

'‘^The following examples are quoted to illustrate the general procedure 
and the principal factors involved rather than to emphasize specific 
values. The problem is this: Which would he more economical vmder the 
conditions to he recited, to corUinue to operate a steam plant or to purchase 
electrical energy from a central stationf The connected load is 276 kw, 

The maximum demand (maximum had) is 230 hw. The ammed energy I 

consumpHon is 62,700 kw,-hr. There are two generators m the plant, each 
(M&en by its own steam engine. No. lie a 200-/fcio. unit. No. 2 i« a 76- 
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hw. unit. The charge which the central station wotdd make would hdned 
on (1) a demand^* or ^Weadiness-to-serve” charge oj $2 par month |Mr kw. 
of connected load and (2) an additional energy” charge of 0.9 cts. (SO.CM)ll) 
per kw.’-hr. consumed. All of the connected apparatus is direct current 
hencej if centraUstaiion energy is purchased^ it must be direct current or be 
cowerted into direct current for utilization. 

Solution.— 'The following comprises the solution, aubmitted by H. 
Berkeley Hackett,* to the above exaniple. Owing to the values 
submitted for maximum demand and monthly energy consuniptiori, it 
would be erroneous to assume the lO-hr.-day service during 2i\ days |Hir 
month, which is the customary working period in manufacturing indufi- 
tries, since on this basis the average hourly load wouhi exceed the max- 
imum demand. In order, however, to reach any contduHion it is meommy 
to decide upon a daily operating period, consequently it will be a«unied 
that the plant in question operates continuously during 3115 clays jair 
3 ’'ear. While this assumption may not represent actual conditions, it 
will at least afford a basis for demonstrating the method of corn putlog 
the yearly cost of generating energy and comparing same with central- 
station service. 

The first step will be to find the boiler capacity required to meet the 
peak load conditions, in order that fixed charge® on these unite may be 
properly accounted for. With a maximum demand of kw., the prob- 
able ''water rate'' of the large engine will be 40 lb. of steam per kw.-hr., 
consequently the hourly steam consumption under these loacl conditions 
is: 230 X 40 «* 9,200 lb. plus 10 per cent, for auxiliarir®, pipe line Ii»cis, 
etc., or a total of 10,120 lb. per hr. that the boilers must supply during 
maximum-demand periods. 

Assuming that the steam pressure is 130 lb. gage and that the temper- 
ature of the feed water entering boilers is 200 deg., each pound of feed 
water must receive in the boilers 1024.S heat unite to convert lute steam 
at the assumed pressure. Therefore, the boilers must be capable of 
furnishing: 10,120 X 1,024.8 - 10,371,000 hmt unU$ per Ar. Since a 
boiler horse-power is equivalent to 33,500 heat unite, the boiler capwdty 
required will be: 10,371,000 -f- 33,500 « 310 h.p. Three 150 h.p. water- 
tube boilers will therefore be considiered in ^timatlng the mstallation 
costs. 

The second step in the calculation will be to determine the yearij eciiil 
requirements. With a monthly consumption of 02, kw.-hr., tli# av- 
erage hourly load of 24-hr. service will be: 02,700 24 X 30 »8i km. 

approximately. To allow for load fluctuations on engine and boiltw, 
it will be assumed that the water rate of the engine » 45 Ib. of steam ptr 
kw.-hr., and that the boilers evaporate 6 ib. of steam., ptr lb* of .c oal . 
This evaporation coiresponds to 51 per cent, boiler efficiency, 
the heat value of the fuel to be 12 , 0 (^. 

» * C<» OF PowKft M Qmmmmfmp m Stmmei 

Jimaary, WIB. p. 41. 
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On a rif ,s,7tifl hr, |K*r ypar, the* fcit id yiiarly nimun rnqiiinniii^fiin, 
|i'<T . f**r will thi^iAun* 

hfi: HU X 'Ifi X H,TlMI X M 16., ami fHauid iif 

€«iii H». Hti'fiiiq f hf* rnal titmmnry t(f ^fvii|airat.<i tidif 

tity «if litifiiiii m: li ' < 1^21.1, KKI i6., or 3,110 Mk^jri 6oof. 

liaviiig f|i*trriiiinfd t\it* l»rd!i*r riiparity lutd tho ymriy roid ri*<|niri*- 
fiiitiitsi it m fiii.HHililf* to iip|»rr#iciiiintt* the yearly operating ecmtu, im givi^ii 
ift tiii; following tiilniliiliciii: 

I NHT A LL ATI 03V t h mr 


tiiii? I20“li.p., 4-VJilve eiigiiio Xreiioilj $2,000 j 

Ctfie 32f>“li.|i., 4-viilvf? riigiiio (ereefi*dy . , . . , . : 6,H0C| ! 

^ 760 j 

Three loOdi.p. waler-lnlai biiilom o*ri‘rt#T|j . . 7,6tMI j 

Hiitel iiiiek ■ hriwliiiig erertial ; 2/HH) ! 

Fecii-w^iiltir ^ and bourn* |ntrrip«.' 

Piping- -eiivuriiig tatik#*, et.e 4,0tKI j $23,fl5C) 

Onii 76«hw. diritriH'iirrenl generiifor erertel. . . . 1,100 : 

Onu 2CIO-kw. AkmtMmfmmt generator ererted . , , j 3,CKMI ' 

Switclilifiiird mill wiring. l,7CICI i fqHOO 


riiit of filaiit ... j $211,47^1 


C'#r^?«i;iiAtT.yfi Vmr 


Ifitfififii m #20,160 6 fm mnl.» 

il#*|iri»riiilif#fi ifti lli II rant... 

Tiitf*.^i iii«iriiiin% elr., uii #21.1, 4MI ^ I pt^f mint,. 

Fuel, 3,11# ## 13 . , 

Irfilmr iji mimffMhtmh ■ ■ ■ . 

Anti llllfllifig , ....... ........... 

Itii mmtr^ pt<% ...... .. . . , . , . 

Mduk*mm-^*t ariil rrfwirif. , . . ... 

Ttilitl mmml mmi of iiwraiiiig X 12 « 

im^Um km 4ir. , .... 


Ckiii |Mir kil#iwftll4i«tiifp ifi -i-- IM, I 
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Cost of CENTEAr^-STATioN Bmivicm 

The connected load is 275 kvr. The priniary cliiirge will be S2 fier 
month. The average monthly energy consumption of 62^700 kw.-lir. 
will be at the rate of 0.9 cts. per kw.-hr. If a rotary (synehronoiw) 
converter is installed, the customer will prol)al)Iy, be requirac! to piiy llio 
conversion losses. With a converter efficiency of 90 par cent., Ihi? 
monthly bill charged against the consumer will therefore be: 02,7(K) »: O.fl 
« 69,500 kw.-hr. The annual cost of purchased power will tberefom 
be about as follows: 


Installation Costs 


One 250-kw. rotary converter 

Switchboard 

s:i,ooo 

i 1,700 i 


Total installation cost — 

|4.70(» 

Opmeatino Costs 

I 

Interest, depreciation, etc., @ 12 per cent, oni 
$4,700 

iiOC) i 
6,600 I 
7,500 1 
1,700 ! 
70 1 


Primary charge — 275 X 12 months X 12 

Current charge— 69,500 X 12 X 10.009 

Night and day attendant. 

Oil, waste, repairs, etc 


Total yearly cost of 69,500 X 12 or 834,000 kw.- 

116,430 

Lfl 

1 

Cost per kilowatt-hour in eente. 



In the above estimate no eonslderation hm been given th« cif 

heating. Should the coaditbns demand this requlrettienl^ It wii Im ««««• 
mty to make certain additional charge against the Mti- 

mate in order to obtain a true eompariion of power coibi. Tl«c 
would eoMist of interwt and depreciation on boiler capacity for li^ling , 
oorresponding to the boiler capacity, available In tit private plait for 
this purpose. Al», a charge for fuel for genemlini in 

Mtountto the eihauit it^m from the Miginoi the privali plant that 
wild be utiised In the hating -^stem. There wwli ^ a furth* 
for labor, mdbtwmoi, wppllai, ete.. It connecton 
^.Wileis for hosting. 






1-11 


EIJK'TUK’ OKNE HATING STATIONS 


263 


Till* fiiilmving ilhistridpH a logical and systematic method of 

tahuliiiiiiu; tlu! fixoilHiliargo data when an energy-cost determination is 
hciiiR iiiaih'. 'this tahhs shinvs the values assumed by T. B. Hyde in 
hi.H w.lutiitii of the cxumidc above iiroiioaed. For this complete solution 
refer to the miiiibcr of the magazine cited in the footnote. 
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NoTB.—DKPweiA'noH oir th» EamrattMT of an Embctmo Plant.* — 
In genwAl, pistil »nd buUdinp may be assumed to have a 

uwsfitl life irf about 80 years, making the average depreciation about 2 
jtier eent. To lioitein, piping, paicratort, electrical equipment, etc., 
livwi td aO fmm am aniigned. Of thrae, boilers, piping and generators 
haw net aslvajp v«lu«i of 4 to 6 per cent, at the end of that time, thus 
making their mte of depiwlation from 4,7 to 4.8 per cent, per annum. 
AllotriBg 10 i»r mat. salvage value lor dectiical equipment, the rate of 
depteelaiioo hewmwi 4,8 per cent. Storage batteries, with a useful 
life td 20 yeaw, go out of service with a salvage value of 17 per cent, mak- 


•lUtmdad 0m44. 



306. The Location of a Generating Station is a thing wlui*}j 
should be considered most carefully, because if the Htaticm i« 
not located intelligently the cost of the eii(}rg,y generated arui 
delivered by it may be excessively high. In tliis mnneetitui 
the following items* are of importance: (!) aeeessiidlity. (2) 
coal and water supply, ( 3 ) stability of fouiiflation, ( 4 ) fadlit ies 
for extension, (5) cost of real estiite and taxes, and (6) situa- 
tion should be such that the output of the plant may be effect- 
ively utilized. 

Note.— The station should, all thin|i;a being equal, b« rsnily gfriiMiible 
so as to facilitate the delivery of fuel, slow* and ruarhinery, wlul« it 
should be so located that the aehfti may bts esaily removed. If f^rnaible, 
the station should be so located that it may be reached by boih rail 
and water. 

307. The Advantages of CenfcraUzatioo, that m, the advan- 
tage which accrue through the concentration of generating 


It is possible to distribute the jwwer ccanomienl 
of the diverwfied nature of the load it k ptwwihle 


not afford to serve, (6) the lower cost of prorluct'ion 


ing the net depreciation 4.15 per cent, per yeir. firitl iwilp-liiii? 

equipment are assigned values of 12 per ceut. at tlie nf 211 y i‘nr»^ 
service, resulting in a depreciation rate of 4.4 |«!r rent. nitmr ill 

years' estimated usefulness, has the higli srriip viiliir nf ‘III iht rrtit,, 
making the depreciation rate 3.75 i^er rent. Lirii! tniniifrirnirrii unti 
customers' meters may be assumed to iifiva tlm same life ii.fi tlitt uilufr 
electrical equipment named, 20 years, but iit the erit'l of tliiii 
have a salvage value of 10 per rent., making the net flrpref*iiiti*iii r«!e In 
the case of these instruments 4.5 jier rent. 
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pmvmimU, nl of m%v for olmoktf* iippiiratug and 

ilm extMmmm of m^rvm* into tu^w forritory and (8) kittcr regu- 
Iiiiiori and |irf»iof*tion ran ba prcaadtaL 

308. Direct-current Voltages and Systems rtiiiy l>e divided 
into fm’o-m’iro and tlireo-wire systenis. Two-wire sysf.eniH 
are, itnliiiririly, doHiralde only for electtrie-lighting ser- 
vire mfiere llie |wiwc*r In friinsinitteil <}ver very nhort diHiiinces) 
iimially opentfi* ?ii I Iff voltn k^raum'* 110 is, due to eeo- 
iiriiiiie rea-Hoiig, flieiiiogf fk^irable prt»gHtire fi^r oirernting incan- 
deHeerii laiii}i« in Orragionally, in a direet-eurrent 

iiistiiliiitioiii %r}ir»re llie {tower intigt Im! transiiiil.fiHi btr a cUb- 
ifiiiee Ilf |ifm«ililT Bonieliiing iind«T a mile for direet-eurrenfc 


If tiiia IB ilorie, 22tl-vo!i hummlmvmi laini'm are iiBod* It in 
w»!«lorii iliiil II fwceirire direef^-inirreiil By«terri m now iofitalled 
for gerienil eleetrir iiilitiiig and }mwer Ikuiitly, be- 




t«y8l«!m in tisrwl. 1‘h« j»rr>»fHtir«s {«ctw«*n the outer wires is 220 
volts iuifj fiefwM'r! the nriitriil «n«l enrh of tlie otttera, 110 



I'hronoMS r»«vi*rffr». A l«rg» perrentage of nil generating 
atatiofi* whii'h hitve lieen instiled re^ntiy-' tiiw ineludes 
nwny wiiall station* an well a« kript oiiei»~~generttto only alter- 
»«f lug voilJtgrit. 
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stalled recently. (There are still a number of two-phase stations 
and a very few single-phase stations in operation.) The 
reason for this is that three-phase generating and converting 
apparatus is the most economical and energy can be trans- 
mitted more economically with the three-phase system than 
with any of the others which are utilized directly. The three- 
phase can be readily transformed or converted into power of 
some one of the other systems if desirable. 

Noth. — Even if a large proportion of the outpiit of a atation must 
be transformed or converted to render it availalde for utilization, it is 
usually most economical to generate only one kind of energy. That i«, 
for most cases in a station of any size, only three-phase alternating |>ower 
should be generated. The reason why this plan is ordinarily followed is 
that with it the generating units can all bo operated at greater loads. 
That is, the individual load factors of the generating units can bo main- 
tained at a maximum, due to the ad- 
vantage that may thereby bo taken 
of the diversity element. Further- 
more, where only one kind of powor 
is generated, the investment which 
must be tied up in reserve apparatus 
may be a minimum. 

ySlO. Three-phase Generators 
are Usually Star-connected (Fig. 
237), because with this method 
of connection for a given voltage, 
Bt (Fig. 237) between line wimi, 
the voltage Be across each set 
of armature coils is loss than it 
would be with a delta-connected 
generator impr^ng the same 
line voltage. In view of this, 
the star-connected generator 
voltage, smaller. Hence, con- 
ductors of a correspondingly lari^r diameter can be i«e<l 
for them than would be necesssary with a delta-conneclc*! 
machine. Thus a more sturdy and satisfactory mechanical 

• of Ui8 material wfalob follloira it baaed on data oostaiind la tbe arttote 

WtA.Tmm AM® Wmmtfmm Twiii % 1* A* 

of #0 Oti^ 3i&otrfe Ctapmy* piibIWied ia Am* tib, ltl|* 



Fia, 237, — Diagrammatio Topro- 
sontation of a $tar- or Y-connootod* 
throo-phas© generator. 


the number of turns in 

coils is, for a given line 
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structure results. Furthermore, certain difficulties, due to 
local current circulating in the machine windings, which may 
occur with the delta are eliminated with the star connection. 

311. Both Grounded and Ungrounded-neutral Systems are 
used. Which is preferable must be determined in each specific 
case after due consideration has been given to the factors in- 
volved. There are two reasons for grounding the neutral. 
One is to limit the voltage, between line and ground, which 
may be impressed on the insulators and apparatus. 



Fig. 238. — Accidental ground on a 
grounded-neutral system. 



Fig. 239. — Accidental-ground on an 
ungrounded-neutral system. 


Explanation. — If a neutral is grounded, as at G, Fig. 238, it is evident 
that the electric stress imposed on the insulator at /, between line wire 
Lz and ground, can never be greater than the voltage Ec which is 0.58 
of the line voltage, E, K, however, the neutral is ungrounded as in 
Fig. 239, and an accidental ground, Ga, occurs, then the line voltage E is 
impressing on the insulator at Ja between the line wire, C, and ground. 
The line voltage in a three-phase system always equals 1.73 times the 
voltage to neutral. (The voltage to neutral is shown by Eo in Fig. 237.) 

The Other reason for grounding a neutral is to insure that 
one of two or more sets of feeders wiU, by the action of the 
overload oil circuit-breaker inserted in it, promptly disconnect 
itself from the station if a ground occurs on that feeder. 


Explanation. — an accidental ground, (Fig. 240), occurs on a 
feeder, Fi, supplied by a generator having a grounded neutral, a current 
will flow through the accidental ground as shown by the dotted arrows. 
This ground win be of suf&cimtly low resistance so that the current which 
flows win be of great mough intensity (amperage) to immediatdy operate 
the automatic oE switch or oil circuit-breaker, Bu TMs will isolate Fi 
from the system. If the neutral were not grounded the attendants in 
the station where the generator O was located might not be informed 
prompdv of the exMmce oi the accidental ground, 0^ 
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It follows that, if only one feeder extencls from a. to 

a given load and that continuous service is esHcritiiil, grcHiridiiig 
is probably undesirable. If on tlie other hand, two or mor© 
feeders extend from the station to the same load then ground- 
ing may be desirable. As a rule it is good practice to omit the 
grounding of generators where only one or two feeders extend 
from the station unless the system operates at a very Iiigh 
voltage. Where the neutral is grounded merely to insure tlie 
automatic disconnection of a feeder in the event of a ground 
on it (Fig. 240), a resistance, /i, may be inserted bcf wc*en t!m 





Tha* 240.— Showing how an acddontally-groundod foodor will 
itaolf jfrom the genomtor on a groundtd-noutral 

neutral point of the generator and ground, to prevent the flow 
of excessive current in case of an accidental ground, (?*, on 
the line. Such a resistance should be so proportioned that it 
would permit enough current to flow to operate the automatie 
oil switches but would at the same time prevent the flow of a 
dangerously large current. 

312. The Voltages for Alternating-current Generators vary 
with the conditions under which the plant operates. Occa- 
sionally where a very small plant serve® only an incandescent- 
lighting load, the generator voltage is 110. More freqtjently 
a pressure of 220 is adopted for small plants which serve a 
three-wire system, the three-wire, HO-220-voIt prtwHres 
(Fig. 241) being obtained with balance coils located at i>olnt» 
near the load. Sometime, in industrial plants where a con- 
siderable munber of alternating-current motors are used, 480- 
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volt three-phase generators are installed. Generators for 
2,200 to 2,400 volts three-phase are very frequently used in 
towns and small cities for serving a general lighting and motor 
load In large industrial plants three-phase 6,600-volt gen- 
erators are ordinarily used. A pressure of 13,200 volts is the, 
highest for which it is deemed desirable in the United States 
to wind alternating-current generators. Hence, a great many 
machines generate at this pressure. Where the transmission 
distance is sufficiently short it is economical to use 13,200 as 



the transmission voltage. In many plants the generation 
voltage is 2,300 of 2,400 (Fig. 242) and this pressure is raised 
with transformers to one suitable for the long-distance trans- 
mission, The four-wire, three-phase system (4,000 volts 
between line wires (Fig. 243) and 2,300 volts to neutral) is 
now being used extensively for local distribution for light and 
power in cities. In any case the generator voltage which 
should be selected is largely a matter of economics. 

313. The Selection of die Capacitief and Ratings of ffite 
Generators is a question which is always worthy of caroful 
consideration. As a rule in modern installations each genera- 
tor and its prime mover constitutes a complete unit. It is 
almost always the best practice to install two or more such 
units in every plant so that it will be possible, under all ordi- 
nary operating conditions, to work at least one of the units at 
its most efficient load; hence, in determining capacities and 
ratings, it is always desirable to base the determination upon 
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the graph of the load to be imposed on the station. It is, 
however, seldom possible to base the selection solely on the 
load graph because provision should be made for a certain 
growth in load. Also, the question of reserve capacity — that 
is, protection against accident and breakdown — should be 
considered. 

314. The Rating of the Generator Should Be Proportioned 
to the Characteristics of the Prime Mover. — Both steam en- 
gine and waterwheel prime movers operate at maximum effi- 
ciency at certain definite loads. At loads greater or smaller 
than this maximum-efficiency load there will be a material 
decrease in efficiency. With internal-combustion engine prime 
movers of this type have no overload capacity) the point 
of greatest efficiency is the maximum load which the prime 
mover will pull. These elements should be given due consi- 
deration. 

316. In Providing Reserve Capacity in generating equip- 
ment, that is, capacity which may be utilized in case of a break- 
down of some of the generating apparatus, there are two ex- 
pedients which may be adopted. That is, reserve capacity 
may be provided by: (1) installing an extra unit or extra 
units which may he operated when one of the regular units is 
inoperative, and (2) the overload capacity of the regular units. 

Note.* — ^With the method of rating engine-driven units which is gen- 
erally used which provides a liberal overload capacity for a few hours, 
the second expedient works out satisfactorily. For example, a plant 
of five units, each of which has an overload capacity of 25 per cent., 
can have one unit taken out of service when all of the units are operating 
at fuU-load without placing an excessive load on the remaining units. 
It is now the almostHstandard practice of practically aH steam-turbine 
manufacturers to rate their units on a maximum basis, that is, without 
any overload capacity. Under this method of rating it is necessary to 
utilize the first expedient noted above to provide reserve for emergencies. 
To maintain the xmerve capacity at a minimum it may be desirable to 
have at least five or six unibs in the plant. With five units to carry the 
load and one reserve unit there is then only 17 per cent, of the installa- 
tion hdd in reserve, if one reserve unit is considered inadequate the 
addition of anoth^ incrmses the reserve capacity to about 29 per cent, 
of the total. 

*J. W. Skttfter, TrarDKirciM nf OranraiAL Station Pbactioij, EhckicaX Eevi$Wt 
Mar. a, im. 
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Waterwheel and internal-combustion engine driven units 
have no overload capacity, hence in stations driven by prime 
movers of this type reserve capacity must be provided as 
outlined in expedient (2), above. That is, additional units 
must be provided for reserve. 

316. Low Power Factor Decreases the Effective Capacity 
of a Generator so that if a station is to operate at a power 
factor other than 100 per cent, this should be recognized. 

Example. — ^If the power factor of a plant is 100 per cent, then for a 100- 
kva. generator, in such a plant, a prime mover capable of developing 
approximately 100 kw. output should be provided for the generator. 
However, if the power factor of the load which the plant serves is only 
75 per cent., then to drive a 100-kva. generator a prime mover of only 
approximately 75 kw. output is necessary. If a 100-kw. prime mover 
were used approximately 25 per cent, or one-fourth of its capacity would 
be unavailable. Furthermore, the prime mover, instead of being fully 
loaded, that is, operating at high efficiency when the generator was 
fully loaded, would be operating at only three-fourths load with corre- 
spondingly low efficiency. (In the preceding example a generator 
efficiency of 100 per cent, has been assumed.) Actually the efficiency 
of a generator is always less than 100 per cent., but the principle involved 
is evident from the above even if the generator efficiency is not 
considered. 

317. The Unit Principle Should be Utilized wherever pos- 

sible. That is, all of the units in the plant should, insofar as 
feasible, be duplicates. The different essential elements of 
the installation, such as generating elements (comprising 
generator prime mover and its au^dliary apparatus) trans- 
formers, boilers, etc., should be arranged in groups or composite 
units. Each one of these groups should, in essence, be a com- 
plete central-station installation in itself. Then, if this plan 
is followed, a breakdown in some component piece of apparatus 
should effect only the group of which that component forms 
a part. The other groups should be capable of uninterrupted 
operation. ^ 

318. The Factors Which Should Determine the Location 
of the Apparatus in a generating station are: (1) simplicity, 
(2) reliability of operation and (3) extensions. Upon study 
it will be evident that, in general, the unit system of arrange- 
ment described in the preceding article satisfies all of these 
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requirements more completely than would any other 
arrangement. 

319. In Locating the Prime Movers and Generators they 
should ordinarily be arranged on the main floor of the station. 
There should always be at least sufficient distance between 
units to admit a free passage around them and so that repairs 
can be effected without any unnecessary waste of time. In 
steam plants the condensers are usually located in the base- 
ment and the principal piping (Fig. 242) carried below the 
main floor. 

320. The Exciters* should have a capacity sufficient for 
all of the synchronous apparatus in the station when all of the 
synchronous machines are operating at their maximum loads 
and at the operating power factor. It is not sufficient to 
provide only enough exciter capacity for excitation for the 
machines when they are running at unity power factor. The 
excitation required for power factors lower than unity is 
considerably higher than that required at unity. 

321. The System of Excitation which is now considered 
gobd practice and which affords maximum reliability is that 
in which all of the exciting current is obtained from a common 
source. This common source should comprise as few units 
as possible. One or two units are generally provided for 
normal excitation and a third is installed as a reserve. It is 
always good practice to have the regular exciter driven by 
prime movers such as steam engines or waterwheels, while 
the reserve unit is motor-driven. 

NoTif^ — Another systemrof excitation which is now being used fre- 
quently is to install (for driving tlfe exciters) low-voltage generators 
each of which is driven by a non-condensing steam turbine or a water- 
wheel. The exciters are thSi motor-driven, energy therefor being ob- 
tained from the low-voltage generator. The steam from the turbines 
exhausts into the feed-water heaters. In addition to the exciters, aH of 
the other auxiliaries, such as circulating pumps, etc., are motor-driven. 


• E. A. Lof, of the General Electric Company, Gbnbbating 8ta.tioh8 and Bomb 
Fbatubbs CovBKiNa Tsbxb Dbsign” published in Cool Feb. 6, 1915. 
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322. The Exciter Voltage is, for small and medium-si^^ 
plants, 125 volts. For large installations 250-volt excitat^^ "^^ 
is more economical. 

323. In Locating the Exciters in a station it is, in gene^*^^ 
desirable to place them near the center of the generator 

so that the excitation wiring will involve minimum cost. 

Note. — Where one exciter is furnished for each generator it sho^ * 
be located as close as is feasible to its generator. Exciters direct-^* ♦ 
nected to their generators are often used. 

324. Automatic Voltage Regulators are always installed ^ 
modern stations. These, by acting on the fields of the excite^ 
maintain the alternating-current voltage constant at the 
bars regardless of changes (within reasonable limits) of 

on station or of changes in prime-mover speed. Voltage re|^ ^ 
lators are usually located on or near the switchboard. 

326. The Number and the Capacities of the Transfomot®^ 
should be determined by the characteristics of the station 
the load which it serves. In stations transmitting at mediu i 
or low voltage it is usually considered best practice to inst** 
one bank of transformers for each generating unit follow! 
out the unit principle recommended above. However, wh.<B* 
the transmission voltage is high, the transformer bank shau^l 
form a unit with the transmission line, each of the transmissic^ 
lines terminating in the station in one of these units. Whto^l 
this arrangement is followed switching on the high-tensi ci 
side of the transformers is unnecessary as all of the switch in 
can then be effected on the low-tension side of the transforms n 
In locating the transformers in the station> they are usuml I 
placed (Figs. 242 and 244) on the main floor back of the gemmt 
ators. They are enclosed in suitable fireproof compartment i 
A track is installed along in front of the tier of compartmeir* I 
so that the transformers may, when necessary, be readily « 
moved for repairs. m 

326. Either Single-phase or Three-phase Transformers 
be used. The modern tendency appears to be toward Ibl^i 
utilization of three-phase transformers where the applicati€^ 
of such is feasible. 
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XoTK. ~Th^ „n,ior which sinRlb-phaso transformers are 

prefer, ihh, ih wl.ern only one group is installed or where the expense of 
a sp.'in* tranrformr-r m unwnrnintcd. In such installations the burning 
out of one phase of a thii-e-phase unit involves considerable inconvenience 
the tran.Hfonncr would have to ho disconnected before repairs could 
h« nindo. If Huml.-i.hMo Iraiisformors are used and connected in delta 
(on both pninary and secondary) the damaged unit can bo readily cut out 
and the other two operated at normal temperature— S8 percent of the 
rated noniial c„im. (ty of tlio group -until the damaged unit can be 


Fill, m typical llO,O 0 O-v 0 li Hydro-electric 


'“Wllh lilt ili®ll*lyp0 fcrmnrformtrs both the pri- 

iiimry fttiil wliidittp iJWtft-oonnected. Trouble in one 

plt^ Will 111 # ti^ of lb# 0th« two In open delta. By short- 

cittjiiiiitii l»tli: III# ptimmf and .tw^ndary of the damaged phase and 
tiitlitii il m% tli« eif€«it| III# fiiafiietk &m in that section is entirely 

Irattrfotfneri may be used in moderate- 
IfwiAllatififii liavifig a kiii number of uniti. For high-voltage 
if#? wlitf# tr^irfowittr bank should be of a capacity equal 
to lli»i fif lilt Imm wlikb il ^irv« il .Is wudly n@e^ft,ry to eelect single- 
» « to obtek to# eapwity and mmimiae 

lie eiwl II# spiw ttiilL 



Fia, 245.“— Oil-cfKiled or solf-eool- Ff«. 245.“~Tlit wikli»r«rtM*l 04 truiii- 
ing traniforrnor. (Thi» ahow^ the itmmr. 

tubular type.) 


case, from which the heat is radiated into the air. The tanks 
of self-cooling transformers are, therefore, usually made of 
corrugated sheet steel to provide maximum radiating surfaixi. 
The self-cooled transformers are the most frequently UMt!. 


Where water for cooling purjKMKis is available, the water-cooled 
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proportion of tho ho:i) in curried awuy by the water forced 
through a piix! <ruii \vhi(-ii is HuhiiK'rgcd in the hottest oil in 
the top of the tr;ui.'^f(»nner. Oriiinarily the water rate is ap- 
proximately 3 i gal. per min. jhJ kw. lo.ss, the temperature of 
the inwmiing w.ater being o!) dffc. R In the air-blast trans- 
former (Fig. 247), the cooling i.s i-fh-c.tfMl by forcing a blast of 
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fer » ’i J 


•--'•a Cmrvnt' • ' ” • 
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Fill* liwtallation. 

air tlirfiiigli cliicln m Bpmm prmulml in the transformer struc- 
ttire. Tmmhnmm <if lliis type are applicable for voltages 
lip tci alioiil 33,011 blit Itiiif are lieiiig rapidly superseded by 
tlioHi* #if itifi Mtitoiciliiig iyp<!. 


ifmdi^mem (Fig. 248) may be adopted 

wlierc liiii fiftly wal«r availabte Im emding i» hard or contains sediment. 
Sueh m lli# iiwfl« of the eoik of water-cooled 

traarfowiftr, lliil with ih« armiiitnient shown in the illustration, 
tbt dtp«il w#uW oa tii outiiiie ol the oil coils, hone# readily removed. 


•■Mn^OtnnhlngBus \ Omirmrs’- Fi Fj H i F 4 H U \ Ft Ti F» F» F«i F.t 

'Ooubie Fmmf§* '•■mrntrn* 

Wm. 2M.-—Siagl®-Iin© diagram of Fia. 251.— SlagWIa# 
oomMaad genaarator, btia and f^®r- ibowing laaMW oa 

group raaeteno® eoH. groupi. 

the case of a short-circuit on the system. It is not feaitible to 
incorporate sufficient reactance in high-voltage turbo^ncr- 

• k, I. B. 1. ftpA»toAa&iaafi0» Eutuw, 

V* BL E. M* Eudd# Tsi 0§» m OusoiaMir jyiwiwf# Mmwmm'mk 

A-Uf. li, 101 ^ 
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ators; hence, with generators of large capacity of this type, 
current-limiting reactances may be inserted in the generator 
lead or between the bus sections (Figs. 250, 251 and 252) or 
in the outgoing feeders. 

329. The Percentage Reactance of a Reactor* is the ratio 
(expressed in per cent.) of the voltage drop across it, when 
full-load current flows at the voltage of the system. 

EIxamplb. — If the full-load current is 100 amp. (on a 10,000-volt, single- 
phase system or on a three-phase system with 10,000 volts to neutral) 
the drop across a coil having a reactance of 5 ohms will be: 100 X 5 =* 
500 volts. The percentage reactance of the coil will be: 100 X 500 -r- 
10,000 = 5 'per cent. Or if the full-load current is 100 amp. on a three- 



Fio. 262 . — Reactors inserted in generator leads. 

phase system, with 10,000 volts between phases, then the percentage 
reactance of the coil having a reactance of 5 ohnas will be: 100 X 500 -r- 
(10,000 X 0.577) « 8.66 per cent. 

The short-circuit current which will flow is: 100 (the percentage re- 
actance of the coil + the percentage reactance of the generator) X full-load 
current. In the above case if the' generator reactance is also 5 per cent., 
the short-circuit current will be 10 X fuU-load current. On short-circuit 
the react^ce will, in this case, have one-half the no-load voltage im- 
pressed across it. 

330. The Location of the Switchboard and Switchgear 
should be determined by the capacity, voltage and general 
arrangement of the plant. In low-voltage, small-capacity 
plants where self-contained switchboards are used, all of the 
switchgear is mounted directly on or adjacent to th.e switch- 
board. The switchboard is installed in a convenient central 

^ Eki^ncal J(mrn(^ Apr. 16, 1917. 
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location near one of the walls on the main floor of the station. 
Where the switchboard is of the remote-control type there are 
many different arrangements which may be used. It is usually 
considered desirable to so locate the control board that an 
unobstructed view of the station may be had from it. How- 
ever, in certain very large installations the control board 
is in a room entirely separate from the generating room. The 
bus-bars and oil switches are located on the various floors of 
the switch house.* See Figs. 242 and 244. 

• E. A. Lof. 


SECTION 15 


ADAPTABILITY OF STEAM, INTERNAL-COMBUSTION 
ENGINE AND HYDRAULIC PRIME MOVERS 

331. The Type of Prime Mover Which Should Be Adopted 
for Any Specific Installation is, in general, a question of 
economics. Usually that prime mover is the best one 



ITiG- 253. — Prime movers used in 
central stations.* 



Fig. 254:. — ^Prime movers used in 
the manufacturing industries.* 


for a certain installation which will produce the energy in 
that installation at the least cost per kilowatt-hour. There 
are many elements which must be considered in such a de- 
termination of least cost. Some of these will be described 
briefly in the articles which follow. Tigs. 253 and 254 show 
respectively the horse-power outputs of the prime movers 
used in central stations and industrial plants in the United 
States 

332. The Application of Steam Prime Movers should, in the 
case of very small installations, be restricted to locations where 

• B. A. Iicf, CmX Age, Feb. 6, 1916. 
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coal is very cheap and where water power is not available- 
In medium-capacity installations, say those of from 300 to 
5,000 kw., steam plants may be more economical than in- 
ternal-combustion engine plants or those hydro-electric plants 
which require considerable capital expenditure for develop- 
ment. In large plants, where units of capacities of 5,000 kw. 
and upward may be utilized effectively, modern steam turbo- 



generator energy generation will ordinarily prove much more 
economical than generation with an internal-combustion enpne. 
It will also prove more economical than hydro-electric genera- 
tion and transmission unless the investment required to 
develop the hydro-electric properties is unusually snaalL 

NoTE.f — progress of the steam turbine (Fig. 255) has beaa m 
great that it has practically displaced the gas engme. As the cost of 
the gas-engine unit is probably seven or eight times as great as that of the 
tebine, the gas en^e has been practically put out of ihe running insofar 

• Copyright Samuel InsuU. 

t H. G. Stott, Exifobt of ErzTCZBNcrr Test osr 30,000 kw. CBOsa-CoMFOUNP Stmam 
Tttbbxnb, read before the 1916 annual meeting of the A. S. M. B. 
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as large power-plant work is concerned/* '‘Another interesting side 
light in this matter is the valhe of the turbine as the general prime mover 
in competition with anything else that could be cited. [Fifteen years 
ago hydro-electric power developments were looked on as a choice in- 
vestment worth lots of money with almost any cost of ■ development. 
Water powers were developed- that cost $200, $250 and $300 per kw. 



Vertical 

Steam 




Fia. 256. — Foiir types of generating apparatus which have been use by 
the Commonwealth Edison Company of Chicago.**' 

Today you could not get money for an investment of that kind. The 
steam turbine has risen so high in efficiency and economy and decreased 
so much in first cost that it has driven out all possibility of developing 
many of th^e water powers. When you allow for the fixed charges, the 
steam turbine can make power more cheaply than the high-priced hydro- 
electric development.** “ Consider the case of Niagara Falls where there 
are no dams reciuired and where there is practically an unlimited supply of 
power. The steam-turbine plant can compete with N'iagara power today 
as long as the load factor of the Falls power is less than fiO per cent. 

* Copyright by Samuel InauH. 
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The only chance for a financially successful water-power development is 
on the basis of a high load factor.” 

333. The Advantages of Large Turbo-generators are these: 
It is possible to obtain as much as six times the output capacity 
in the same floor space, Fig. 256. The first cost per kilowatt 
with the large turbo units is something like a fifth of the cost 
of equivalent reciprocating engine units. Furthermore, the 
water rates, that is, the steam consumptions of the large 
turbines, are in the neighborhood of one-half of the equivalent 
consumptions of reciprocating engine units. 

3^4. Internal-combustion Engine Prime Movers Are Effec- 
tively Used at the present state of the art only in plants of 
small and medium capacity unless the cost of coal or of an 



Fig. 257. — ^Losses in a non-condensing steam plant.* 


hydro-electric development is unusually large. In small 
plants, say those up to 300 kw. in capacity, the internal- 
combustion engine prime movers may, unless the cost of coal 
is very low, be more economical than steam-engine plants. 
This is particularly true of small plants which operate only a 
portion of the 24 hr. For a small central-station plant which 
operates only at night or for a small industrial plant which 
operates only during the day, an oil or gas engine usually 
would generate power at minimum cost because such an 
engine does not involve the standby losses which obtain with 
the steam prime movers. As suggested in the above note, 
where a large power output is required, the internal-combus- 
tion engine has been put entirely out of the running by the 

• R. H. Femald, “Pbobitoisb Gas from: Low-qbadb Furls," Practical BngvMcr 
Deo. 16, 1914, p. 1200. 
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condensing steam turbine. If the cost of development is 
not excessive it may be possible to generate power with a 
waterwheel— hydraulic turbine— cheaper than with an in- 
ternal-combustion engine. The producer-gas plants, which are 
much more economical than an ordinary non-condensing 
medium-capacity steam-engine plant (Figs. 257 and 258) 
cannot usually compete with the condensing turbo-generator 
outfit unless the cost of fuel which may be used in the producer 
is very low. 



Fig. 258. — Loss in a suction gas-producer plant.* 


336. Hydraulic Prime Movers Are Most Economical where 
the cost of developing the hydro-electric plant is not excessive. 

the cost of developing the hydro-electric plant is not excessive. 
It appears to be the common impression that merely because 
the water; which drives the turbines or waterwheel in a hydro- 
electric plant, costs nothing that the cost of the power de- 
veloped should be correspondingly low. This is far from the 
truth, because in determining the total cost of the power 
developed it is necessary to include the fixed charges (interest, 
depreciation, insurance, taxes, and the like) on the investment 
required to develop the hydro-electric property. If it is 
necessary to pay these fixed charges on an expensive dam 
and on a large real-estate investment required for tne storage- 
water area, and then in addition pay the fixed charges on a 
long, expensive transmission line, such fixed charges may 

• It. H. '* Feoducisb Gab vbom Low-qbadb Fuels,” Practical Engineer, 

n®o. 15, 1914, p. 1200. 
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more than overbalance the cost of the coal and attendance 
that would be required by a modern steam station. The 
fixed charges on the transmission line should, usually, properly 
be included with those on the hydro-electric plant and develop- 
ment. Without the transmission line the plant would be 
useless. 

336. The Development of Low-head Hydro-electric Plants 

is likely to involve excessive cost. On the other hand, if, 
due to local conditions, it is possible to install a hydro-electric 
plant without incurring a large investment in dams, storage 
reservoirs and transmission lines, hydro-electric power may be 
developed very cheaply. Some of the high-head plants used 
in the West involve a relatively low first cost per kilowatt of 
capacity and, hence, can produce power very cheaply. Some 
hydro-electric plants for towns and factories are often eco- 
nomical where the plant can be located close to he load — so 
that a transmission-line investment is not required — par- 
ticularly if an expensive dam and storage reservoir is not 
necessary. 


SECTION 16 


STEAM ELECTRICAL-ENERGY GENERATING 
STATIONS 

337. Steam Plants May Be Conveniently Divided Into Four 
Classes.* — While there can be no definite dividing line, it is 
convenient to consider steam plants under four headings: 

(1) small plants j to include all of those under 300 kw. capacity; 

(2) medium plants^ to include those between 3,000 and 5,000 
kw. capacity; (3) large plants, those between 5,000 and 50,000 
kw. capacity; and (4) extra large plants, which include those 
above 50,000 kw. capacity. 



Fig. 259. — Graphs showiag steam consumptions of relatively-small steam 
prime movers operating condensing. 

338. In Small Steam Plants it is usually considered good 
* practice to install only one or two units. Often only one unit 
of sufficient capacity to carry the entire load is used. The 
graph of Fig. 259 indicates the water rates of some relatively 

• J. W. Sinister, TairoKifCiBs m C»ntba.l Stao^on PaAorroa, MUctHcaX Bmiww, 
Mar. 3, 1917. 
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small steam prime movers. It will be noted that the efficiency 
at full-load decreases rapidly as the size of the turbine de- 
creases. It should also he noted that, with all of the units, the 
efficiency decreases rapidly as the load on the unit decreases. 
Hence, it is desirable to use the largest units possible and to 
always operate them at as nearly full-load as is feasible. Fre- 



Fig. 260. — ^Lay-out for a small belted plant driven by a Corliss and a high- 
speed engine. 

quently it is desirable, in these small plants, to operate non- 
condensing because the fixed and operating charges on the 
condensing eqiiipment may be such that its first cost is not 
justified. In such installations where simplicity and reliability 
of service are the most important factors, a high-speed engine 
of the slide valve or non-releasing Corliss valve type may be 
used. Or instead Corliss engines may be installed. Non- 
condensing reciprocating steam engines are more economical 
than non-condensing turbines. 

3S9. In Considering Belted vs. Direct-connected Steam- 
etigine Units for Small Plants it should be recognized that the 
of tto belted outfit is always lower than that of the direct- 



Fig. 261. — Direct-connected generating unit. A high-speed piston-valve 
engine driving a small alternator. 


260 shows a typical belted installation. * A high-speed engine, 
El, is direct-connected to the jack shaft from which the gen- 
erators are belted. A Corliss engine is also belted to the jack 
shaft. Both of the engines are used to pull the station at 
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times of peak load. At other times either the CorlisH engiiie, 
Ei, or the high-speed engine, A’l, were used to pull the load, 
depending upon which could operate most econoiiu<‘ally. 
Small stations of this general character may give satisfactory 
service in towns where the cost of coal is low and where relia- 
bility and ease of operation are of more importance than high 

economy. _ . 

340. A Small Direct-connected Generating Unit, similar to 
that of Fig. 201, may be used where economy of space in an 
important factor. A unit of this type which is wjuipiwfi wit h 
a small slide valve engine will not be as economical as one hav- 
ing an engine with an automatic cut-off valve gear. 


341. Average FuU-load Steam Consumptions of Reciprocating Steam 

Bng^es of Different Types ^ 
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342. A Small Altemating-ctirrent Generator Belted to a 
High-speed Slide-valve Engine is shown in Fig. 262. Units 
of this character may be used in small stations where the cost 
of fuel is low and where an easily handled outfit of very low 
first cost is imperative. 

t T(/pe 6 Belted 

Generator..^ 

Simple ;Belteol Bxdter- / 




Fig. 262. — A high-speed simple engine belted to a small three-phase generator. 

343. Uniflow Engines, which have been used in Europe for 
a considerable period but which have only recently been thor- 


STeam 

Admission 




''Exhaust 

Fig. 263. — Sectional elevation through the cylinder of a Skinner-pop- 
pet-valve uniflow engine. (Full opening of exhaust through central 
ports.) 

oughly developed in the United States, afford economical 
prime movers for small unite. A urdflow enpim is one in 
which the steam (Fig. 263) leaves the cylinder at its middle 
point, E. The steam esaters the cylmder through valves, V, 
at either end and is discharged through ports in the middle 
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Fio. 264.— An 18" X 24' , 200-r.p.ni.. Ame»-8tu«ipf I'niflow engine 
attog oondenaing at 141 Ib. preaauro, superheat appro*. KK) cleg., driving 
an Allii-Chalmer* 2600-kva.. 220-volt, Sl-phaae. 6(Veyele. KMM'Wtnr »rv^ by 
a 126-volt exciter. (Amo«. Iron Work*, Oawogo, N. Y.) Thi* i» ia»taU«d in 
the plant ol the Wineor (Vermont) Electric Light Company. 
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which are opened ami cloHed liy the cylinder piston, P, which 
acts as an exhaust valve. The economical performance of 
the xiniflow enKint! i.s due to the fact that cylinder heads are 
always rnaintaincfl at tin- satn«i temperature so that there is 
little condensation in th(“ cylinder. The steam always flows 
in one direction. With tlus .simi)l(; engine, each cylinder head 


95 

3» 

85g 


o 


Fio. nerformanes graplis of the uniflow engine.* 

alternately is hcatetl and cooled m the steam is permitted 
to enter and exhaust from the cylinder. Uniflow engines can 
be used with superheated steam, which results in further 
econoraiM. It apjKMins that modern uniflow engines in capaci- 
ties up to about tHKI h.p. are as economical as any of the other 
types of steam prime movers. They can be obtained for both 
condensing or noii-comlensing service or for combined con- 
densing and n«)n-con<lciiiMng operation. Fig. 294 shows a uni- 
flow engine direct-connectwi to an alternating-current gen- 
erator which is served by a belted exciter. Mg. 265 shows 

• B. »» Vmiruaw Oshmatwo Umit*,” EUoHcal 

WerU. iO, t«l7. p. mi. 
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the construction of an engine of the type, reproduced in Fig. 
264. Tests of uniflow engines operating non-condensing at 
140 lb. boiler pressure have shown an economy of 30 lb. of 
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Fig. 266A. — Graphs showing water rates oi a Skinner 21 in. X 22 in. 
uniflow engine running non-condensing and condensing, saturated steam at 
140 lb. (This and the next illustration are from data on engines which were 
direct-connected to generators of 200 true kw. capacity and would be con- 
sidered 320 h.p. engines at normal full load. However', the engines are good 
for 400 indicated h.p. for maximum continuous operation.) 



engine operating at a pressure of 149.1 lb. With a superheat of 102.5 
deg. F. 

steam per kw.-hr. when operating at full-load. Fig. 260 gives 
typical economy graphs for a uniflow unit as compared with 
a turbo-generator. It will be noted that the pei^onuaQce 
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uniflow engine near the full-load point is almost 
That is, its efficiency does not change greatly with 
load, around the full-load point. This feature is 
shown in the performance graphs of Figs. 266A and 266B 


^300 Kw. 

^ Generator 

n 


ISOKw. 

Oenerator 

1 n 


^''d"0/ISepamtor'^^^^o^ Jngthe Room 
W ixparcrror^^. Basement Floor 


i t •! ; '''VV2"/=»r«rs^^'‘ 

' • I • Reefudncf Valve 

Fica* 267. — Sectional elevation through the engine room at the Spriagi 

(111.) Capitol. 


6 In. Heafincf Mah.^ 
toArmoru ‘a 



Vacuum'' Chief Eng/ 150 KwF 
Pumps Office Oemmtor 

Fi o - 268. — ^Plan of the uniflow engine plant and the boiler plant in tbe Spring- 

.field (HI.) Capitol. 

344» A Uttiflow Engine Installation is shown in Kgs. 267 
and 268. These illustrate the equipment used for supplying 
electrical energy to the State buildings at Springfield, Illinois. 
Tlxree direct-connected engine-driven units are installed. 
E fitch unit comprises a Ghuse-Poppet valve engine direct-con- 
nocted to a Westinghouse direct-current generator. One 18 
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by 21-in. engine drives a 200-r.p.m. 150-kw. 125-volt gener- 
ator. Each of the other units is driven by a 22 by 28-in. en- 
gine, the generators being rated at 300 kw. and operated at 150 
r.p.m. The 150-kw. unit is operated when the load is light — 
on Sundays and at night. The present day load is handled by 
one of the 300-kw. units. 

346. Steam-turbine Stations have recently attained a posi- 
tion of great importance. This is particularly true of the 
stations wherein units of 20,000 kva. and greater capacities 
may be utilized. As suggested above, a modern, large, 
steam turbine generates power, under ordinary conditions, 
more economically than can a prime mover of any of the other 
types. Steam turbines are now widely used even in capacities 
of under 500 kw. They are also, because of their simplicity 
and reliability, used for driving the auxiliary apparatus in a 
station such as condenser pumps and feed pumps. High steam 
pressures are desirable, hence pressures ranging from 150 to 
250 lb. are encountered. Since superheating also increases 
the economy, the steam is usually superheated from 125 to 
150 deg. High vacuums ranging from 28 to 29 in. are em- 
ployed. 

Example.* — A 500-kw. turbo unit, when operating on a steam pressure 
of 150 lb. and 125 deg. of superheat and a 28-in. vacuum has a steam con- 
sumption of approximately 173^ lb. per kw.-hr. A 15,000-kw. unit op- 
erating at a steam pressure of 250 lb. with 125 deg. of superheat and a 
29-in. vacuum has a steam consumption of only llj^ lb. per kw.-hr. 

346. Why the Large Steam Turbine Is so Economical may be 
explained thus: Firstj since no lubrication is necessary in the 
parts of the turbine with which the steam comes into contact, 
a higher degree of superheat is possible with it than with the 
reciprocating engine, for which cylinder lubrication is neces- 
sary. Secondly when the turbine is used condensing, as it must 
be for maximum economy, the turbine utilizes the expansive 
power of the steam down to the highest vacuum which can 
be developed. The reciprocating engine can utilize the expan- 
sive power of the steam only down to possibly a 25- or 26-in. 
vacuum. If an endeavor is made with a reciprocating engine 

•E. A.Lof, 
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to expand the pressure of a high vacuum, the low-press, 
cylinders and the reciprocating parts associated therewHh 



Fig. 269.— Water rate graphs of some medium-capacity condensing turbines.’*' 

would be so large that their cost and frictional losses would 
more than offset the theoretical economies resulting therefrom. 
It is evident, therefore, from 


the foregoing, that a much 
greater part of the total 
energy in the system can be 
realized with the turbine than 
with the reciprocating engine. 

Another factor which renders 
the turbine so economical is 
its low first costs per unit of 
power output. This is be- 
cause the turbine is in- 
herently a high-speed prime 
mover. 

347. The Efficiency Graph 
of the Turbine is almost flat 
Fig. 269. It follows that a 
turbine operates at good econ- 
omy over a wide range of 
loads. 

348. The Growth in the 
Capacities of Turbo-generator Units 

phenomenal. As 
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Fig. 270 — Graphs showing how 
the capacities of steam-tm-bo-gen- 
erator units have increased with the 
development of the art. 


has been dLmcet 
su^ested in the graph of Mg. 270, 
single units have been manufactured having outpnte of 

• Reginald J. S. Pigott, Standard Handbook, July, 1915 
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60,000 kw. The manufacturers assert that there is no 
reason why units of greater capacities than 60,000 kw. 
cannot be built provided there is a demand for them. Fig. 
270 indicates the gradual increase in the capacities of the gen- 
erating units in the stations of one central-station company. 

349. A Comparison of the Steam Turbine and the Steam 
Engine as regards their applications is summarized in the 
following data* which relate particularly to units of less than 
500 h.p. 

Note. — Applicability of Turbines. — 1. Direct-connected units, oper- 
ating condensing. 60-cycle generators in all sizes, also 25-cycle gener- 
ators above 1,000 kw. capacity. Direct-current generators in sizes up 
to 1,000 kw. capacity, including exciter units of all sizes. Centrifugal 
pumping machinery operating under substantially constant-head-and- 
quantity conditions and moderately high head, say from 100 ft. up, de- 
pending upon the size of the unit. 

Fans and blowers for delivering air at pressures from IJ^ in. water 
column to 30 lb. per sq. in. 

2. Direct-connected units, operating non-condensing for all the above 
purposes, in those cases wherein steam economy is not the prime factor 
or where the exhaust steam can be completely utilized, and, in the latter 
case, particularly where oil-free exhaust steam is desirable or essential. 

3. Geared units, operating straight condensing or non-condensing for 
all the above-mentioned applications, and in addition, many others which 
would otherwise fall in the category of the steam engine, on account of 
the relatively slow speed of the apparatus to be driven, 

AppUcahility of Engines. — 1. Non-condensing xmits, direct-connected 
or belted and used for driving: 

(а) Electric generators of all classes excepting exciter sets of small 
capacity, unless belted from the main engine. 

(б) Centrifugal pumping machinery, operating under variable head 
and quality conditions and at relatively low head, say up to 100 ft., 
depending on the capacity. 

(c) Pumps and compressors for delivering water or gases in relatively 
small quantities and at relatively high pressures— in the case of pumps 
at pressures above 100 lb. per sq. in. and in the case of compressors at 
pressures from 1 lb. per sq. in. and above. 

(d) Fans and blowers (including induced draft fans) for handling air 
in variable quantities and at relatively low pressures, say not over 5-in. 
water column. 

* J. S. BaxBtow, Tubbiistbs m Ekoi 2 Iis& xm* tJNrra of Smaxi* a paper read 

before the A.. S. M. E. 
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I line shafts of rnills, where the driven apparatus is closely grou»>c'tl 
the load factor is good. 

) All apparatus requiring reversal in direction of rotation, as in 
;ing engines and engines for traction purposes. 
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. 271. — -Steam consumptions of 
small turbines. 



Fig. 272. — Steam conaptnai^ 
tions of steam turlmiei of 
moderate capacities. 
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Tig. 273. — ^Approximate relative costs of turbo-generator units. (Cc»t 
labor and materials are now fluctuating so wid^ that it is not feasiM© to 
ve actual costs.) 


2. Condensing units direct*conneeted or bd^ted, for all the above pur- 
>868, paitienlariy whrare the condMising water supply is Umited, and 
here the water must be reeooled and recirculated. 
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350. The Steam Consumptions of Small and Medium- 
Capacity Turbines* are indicated by the graphs of Figs. 271 
and 272. The graph of Fig. 271 indicates the econonaics 
which may be effected through the use of a high steam pres- 
sure and superheat. Fig. 273 indicates the approximate cost 
of small and moderate capacity turbo-generator units. 



Fig. 274. — Thjee-cylinder, two-stage tiirbo-generator unit. Capacity is 

60,000 kw. 


351. The Cross-compound Principle As Used in Large 
Turbines is shown in Fig. 274 which illustrates the 60,000- 
kw. three-cylinder, two-stage unit purchased by the Inter- 
borough Rapid Transit Company of New York. Tests on 
this unit indicate at the point of maximum efficiency a water 
rate of 11.25 lb. per kw.-hr. 

• David El well in a paper presented b^ore a New England National Electrio Light 
Asaooiatdon. 
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362. An Example of a Medium-capacity Turbo-generator 
Station is shown in Figs. 275 and 276, which illustrate a 
plant operated by the Arkansas Light and Power Company.* 
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Fig. 275. — The boiler room in which the wood waste is burned. 


In this installation wood waste from a saw mill and a planing 
mill is used for firing the boilers Bi to Bs. The boiler hou^ 
(Fig. 275) is located some distance away from the generating 


To Boiler House 
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Pig. 276. — Turbo generator station utilizing steam generated wiUi i 
planing mill waste. 


' and 


station (Fig. 276), the boiler house being operated by a com- 
pany which owns the saw and planing mills. This company 
sells steam to the Light and Power Company for the operation 
of the turbinra Gi and (r*. 


• J. B. Woods, EUetrical World, Apr. 14, 1917, 





302 


CENTRAL STATIONS 


[Art. 353 


353. A Design for a Turbo Plant Having Only One Generat- 
ing Unit is shown in Fig. 277. This plant is for the operation 
of a flour mill. A small 9 by 12 gas engine, E, installed in 
the engine room, is used for pulling the load at nights and at 
other times when it would be uneconomical to operate the 
turbine, T, at the small loads then existing. 

364. An Example of a Large Turbo-generator Installation 
is shown in Figs. 278 and 279 which shows the Essex Station 
of the Public Service Corporation of New Jersey. This is 
said to be one of the most efiicient steam stations ever con- 



^eO Kvot^ 460 K, J 
Oats Dy he Phem Oenercttor 


Fig. 277. — Plan view of the plant of the Commercial MilUng Company.'*' 

structed. The equipment comprises eight 1,373-h.p. boilers 
and the necessary superheaters and boiler-room auxiliaries. 
The generating equipment consists of two 26,000-kva. 13,200- 
volt General Electric Company turbo-generator units, T, in 
^ Fig. 278. 

366. A Moderate-capacity Turbo-generator Plant is shown 
in Pig. 280, which illustrates the construction and general 
arrangement of the power plant of the Remington Arms and 
Ammunition Company at Bridgeport, Conn. The generating 
unit shown has a capacity of 2,000 kw. 

366. Boflars for Steam-generating Stations are, in modemte 

• Pmeer, Deo. 22, 1914, p. 870. 




Sw. ml 


CKSKHA nsa .Hr A TWX.H 


303 


ami l!irKft-c!i|)!icity plantH, ahvayH of the water-tube type, 
iii.'iHmueli m tlii.n i.s the only tyjic which will permit of the uae 
of lu^h Ht<*:uo jircHHurcM ami the reiuly utilization of economizers 
ami sujHwhcaters. While in some quarters the feeling exists 
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Fill, - ^shml tlii lurMn# btill4li»« «&f th« Slititofi. 


Umt If'MMt h.p. is m peat a capaeitjr as is desirable for one 
unit, Iwilera ratei at 2,4<» h.p, each have been used in certain 
installatioM, In nwlium-empadty plants, the capacity of 
Moh bolte unit is about fiOO h.p. Mre-tube, that is return- 
tubular, b^len* iM*© now used only in ttie small non-condensing 
{dants. 





iHi n p n" 

36 In, Intofke-' 

Fig. 280. — Boiler house and generating station of the Hemington Arms and 
Ammunition Company, Bridgeport, Conn. 
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357. In Arranging the Boilers any one of several methods 
may b® followed. The rows of boilers may be arranged facing 
an aisle running the short length of the station or they may 
be laid out in either single or double rows along a fire aisle. 
The illustrations show some of the different methods of boiler 
arrangement that have been utilized in practice. 
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SECTION 17 

nTTERNAL-COMBIISTION-ENGINE STATIONS 

368 In Internal-combustion Engine Stations a priuw mover 
may be either a gas engine, usually suirplicd with producer gas, 
or an oh engine. The producer-gas installations are suitable 
only for plants of medium or relatively large capacities and, 
as above suggested, a steam turbine is more economical m 
most installations of this character. The oil engmcH have \mm 

medimn-capacity plants in 
locat ions where the cost of 
oil is low. For very small 
plants which give service 
for a portion of the time, 
such as lighting plants 
operating in small towns 
only during the night, 
small oil engines are more 
economical than prime 
movers of any other lyfHJ. 
Large gas engini* have 
been used with great suc- 
cess in steel plants where 
by-product gas for every 
operation is obtained from 
the blast furaaci*. Such 
inatallatians are, however, 
of a specific character and can hardly be clamed as central- 
station plants. Gas engines have been built for use in tht^ 
plants in capacities of 4,000 to 6,000 h.p. output each, 

359. The Efficiency of an Intemal-combusbion £ii|^e In- 
creases With the Load (Kg. 281), so that the mart efficient 
load for any internal-combustion engine is the greatiat tmd 
which that engine will carry. It follow* that 
bustion engines should be, and are, rated on the miudmum 
basis. That is, they are not rated with overload aapimitles. 

a)8 


used to a considerable extent in 



Br«ke Horsepower 


Fig. 281. — Typical internal-ooinbuii- 
tion-engine performance graphs. (This 
shows the performance of a 225-h.p. 
Westinghouse vertical gas engine.) 



28S. — General lay-out of small oH-engine plant* 
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360. bU Engines for Small-tovra Electric-lighting Plants 
are usually of the hot-bulb (Fig. 282) type. These can be 
operated on crude oil or kerosene. It has been found most 
economical in certain small plants to use kerosene rather than 


..■Composition Roofing 


tainer required to store the tank of oil, more than offmis the 
difference in cost between the crude oil and the kerewene. 
Kerosene can be obtained in practically any locality in rela- 
tively small dru m s. 
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361. The Lay-out of a Small Oil-engine Plant is shown in 
Fig. 283. A plant of this type might serve its consumers 
through a distribution system similar to that diagrammed in 
Fig. 241. The prime mover consists of a 30-h.p , 400-r,p.m. 
Remington oil engine which drives a 15-kva. belted generator. 
An economical construction for a building to house an equip- 
ment of this character is shown in Figs. 284 and 285. 
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362. Hydro-electric Stations May Be Divided Into Three 
General Classes : (o) low-head stations, 4 to 2B ft. ; (6) medium- 
head stations, 25 to 300 ft.; and (c) high-head statums, 300 ft. 
to 3,000 ft. and up. Fig. 286 gives a graphic definition of the 
meaning of the word “head.” 

363. Waterwheels May Be Divided Into Three General 
Classes : (a) Gravity, (b) reaction, and (c) impulse. 'I'lie char- 
acteristics of wheels of each type and illustrations thereof will 
be given below. 

fMiffaetfyi \ i i 






'Draft Tubs 


Fia. 280. — Grapluo dtifiiiitioii of ilm term 

364. A Gravity Wheel (Figs. 287 and 287 A) is one which 
develops its power by virtue of the weight of the water falling 
through a distance equal to the head. The falling water 
Carrie with it as it goes down the buckets which catch it and 
thus develops power. 

366. A Reaction Wheel (Figs. 288 and 289) is one which 
develops its power by virtue of the reactive prossure of the 
streams of water upon the movable buckets from which the 
streams are forced by the head of the water above. 

366. An Impulse Wheel (Fig. 290) is one which developi 
its power by virtue of the force exerted by a stream of water 
which iNEues from a nozrie m guide and impinges <m buckets 
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Fig. 287. — Gravity-type waterwheel, the most efficient wheel for very low 
heads and small quantities of water. (Manufactured by the Fitz Water 
Wheel Company, Hanover, Pa.) 



Fig, 287A. — combination pumping and electric-light plant driven by a 
gravity waterwheeh 
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on the rotating wlieel. The noj^zles or giiidcB are Btiiiioiiar}' 
and the wheel rotates. 

Note that the gravity wheel developB its power solely by virtue of 
the weight of the falling water and that the rciaetion mid irn pulse w heels 
develop their power by virtue of the potential energy clue to the weiglit 
of the water which is first changed into kinetic energy. 
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Fio. 289,— -Runner of a mixod- 
fiow turbine. 
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367.' Th© Efficiency of a Waterwheel decreases both above 
and below the point of maximum efficiency, as shown in Fig. 
291. This fact must be recognized in selecting the generator 
which 
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368. The Applications for the Waterwheels of the Three 
Different Types May, in a general way, be given thus : Gravity 
wheels such as that illustrated in Fig. 287 are desirable only for 
very low heads and for the development of relatively small 
power outputs. They have been used successfully in certain 
very small central-station installations, in which the generator 
is belted to the wheel shaft. The reaction wheels are best 
adapted to relatively low heads and large quantities of water. 
In recent years reaction wheels have been used for all ranges 



to operate at a speed such that its peripheral velocity is 7&.8 per cent, of the 
speed or velocity of the spouting water. The governor associated with it 
holds it constant at this speed. But it is obvious from the above that when 
operating at partial loads, at less than 0.78 gate, the efficiency decreases 
rapidly.) 


of head from 600 to 700 ft. for large units. The impulse wheel 
is best adapted to high heads and small quantities of water. 
Thus, for heads greater than 200 ft. and of small flow of water, 
the impulse wheel is the most effective prime mover. The 
efficiencies of waterwheels may, for large units, be as great as 
80 to 90 per cent. 

369. The Names of the Elements of a Hydro-electric 
Installation are given graphically in Fig. 292. Obviously the 
typical arrangement shown in the illustration can not be 
followed in many instances. However, the nomenclature 
there given is of general application. 
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370. The General Tendency in Hydro-electric Station 
Design has been thus outlined by W. R. Thompson.* There 
is a tendency to do away with the clear spillway, hence, re- 
servoirdevel-controlling devices, either in the form of Tainter 
gates or automatic flashboards, are used. Frequently, the 
nearly constant reservoir level has many advantages such as 
minimizing the investment in reservoir land to that land which 
is ordinarily submerged. It insures the advantage of more 
uniform head on the plant and facilitates the handling of the 
ice which forms on the reservoir. This latter consideration is 
important on logging streams where logs are imbedded in the 
ice. The modern tendency, especially for low-head plants, is 
toward units consisting of the vertical, single-runner, large- 
capacity turbine (Fig. 293) with a direct-connected generator.. 
Where a set of this type is used, economy in space results, and 
maximum reliability is insured, due to the accessibility of the 
wearing parts for inspection, adjustment, lubrication and 
repairs. The enclosed and heated forebay is now being used 
in Northern climates to prevent the interference by ice with 
operation. The continued use of a submerged forebay is 
justified because it eliminates practically aU floating materials 
from the rack. Where conditions affecting the choice and 
size of units permits, there is a tendency to reduce the number 
of units in the plant to say three or four, rather than to have a 
large number of relatively small units. 

371. The Typical Arrangement of a l/ow-head Hydro- 
electric Generating Eqtdpment is stown in Fig- 293. This 
provides about as simple and effective arrangement as can be 
designed. The turbine and the generator are both of the 
vertical t3npo and are direct-connected so that there is no un- 
necessary friction lost in geaiing or belting. The weight of 
the waterwheel, the pressure of the downward water thrust 
and the weight of the revolving part of the alternator are 
carried by a thrust bearing located in the top of the generator. 
The guide barings are self-aligning so that cramping can not 
occur. No step bearing is necessary or provided in the water- 
wheel. 

^ W. R. nr C»»ppba.i. SrATioir Dmsiasr. MUMcal Refdmo^ 

a. 1917. 
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372. A Low-head Hydro-electric Plant with a Horizontal 
Turbine is shown in Fig. 294. Witli this arrangciintiiit the 
generator is direct-connected to the turbine sluift and tin; 
water is impounded against one of the station walls. A 
modern low-head relatively large-capac.ity hydro-<*h‘<‘,tric 



Fia. 294.— A low-head, luiri*ont*l-turljo-gen«raU)r-unH itmtallatinn. (Jame* 

I.eff®l Jk Oo.) 


station is illustrated in Fig, 295. In this plant ten turbines 
each developing 10,800 h.p. on a 30-ft. head and operating 
at 53 r.p.m. are installed. The generators are 6,600-volt, 
three-phase, 60-cyole machines and are rated 10,000 kva. 

STS. A Ty^cal Hi^-head Hydro-electric Station is shown 
in F^. ^6. The impulse wheel is of the Felton type. The 
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governing of impulse wheels is effected by deflecting the stream 
away from the buckets or by throttling it. Because of the 
high heads under which the impulse wheels usually operate, 
it is dangerous to attempt to govern by throttling alone, 
hence a system of governing which combines throttling and 
stream deflection has been adopted. 



Fig. 295. — Hydro-electric station of the Cedar Bapids (Canada). Manu- 
facturing and Power Company {General Electric Review), 

374* The Largest Hydraulic Single-runner Turbine Ever 
Built is of 31,000-h.p. capacity (Fig. 297) and is to be installed 
at the aluminum plant on the Yadkin River in North Carolina. 
The head is 188 ft. The speed under an effective head of 188 
ft. is 150 r.p.m. An efficiency exceeding 91 per cent, at full- 
load is expected. The generators are 13,200-volt machines 
rated at 18.000 kva. The turbines were built and installed by 
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the Allis-Chalmcrs Company and the generators and exciters 
by the General Electric. As shown in Fig. 298 the plant con- 
tains three of these 31,000 h.p. units. No transformers are 
required in the station, inasmuch as the energy is general (m! 
at 13,200 volts which is also the transmission voltage. Fig. 
299 gives an idea of the complete develo[)ment. 
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Fia. 296.'~-8®otiorial elevation of Ui® Ediion Elecilri® Compaity*# liydrn- 
©leotric station at Kern River, C/alifornin, oootaining four 10*7W h.p, Alllii* 
Chalmers impulse wheels. 


376. The Keokuk, Iowa, Hydro-electric Statioa is siiown 
in Figs. 300, 301 and 302, The ultimate capacity of the sta- 
tion is 300,000 h.p. Enei^ is transmitted over a <listanw of 
approximately 200 miles in certain directions to 8t. Louis and 
other citiM in Missouri and Iowa. The initiri installation of 
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376. Outdoor Hydro-electric Plants* have been proponed. 

Figs. 303, 304, 305 and 306 show the geiHjral (•onst.niction and 
arrangement. It is anticipated that rnaferial emnonu’es 



Fia. 298.-*-“Plan view of tlio Yadkln-Kivor hyilro-i^iM-irio niElion. 



will be realized through the omission of the huihling (which 
ordinarily houses the generating equipment) In a plant of this 
character. Outdoor switching and transforming stations 

• MUctrkal Smima, S«f>*~ Si, lOtS; p. mS. 
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Engineer of the Electric Bond and Share ("om|)an3^ ( di- 

matic conditions and violent winds were tlie determining 
causes for eliminating the power-house siiperstrucfiire. All 
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Fig. 301. — Flan view of half of th© Keokuk hydro-eleeirin fitation. (Com- 
paro this with the sectional elevation shown in anedher pieinri^.) 



Fig. 302.— The K»kuk (Iowa) <i©v#lopm»iit of th# Miiiiifip'pl llvtf Fowit 

Company. 

of tiie aerators and transformers are loeatal outdoors. 
The eontrol boards and exciters are instaUed In a strueture 
mm the tad-rat^ where a rejMur shop idso Is located. 
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Circuits, alternating-current, design re- 
actance, efXect on wirc-siae 
formula, 147 

reducing line reactance, 141 
resietanoe dropj formula, 140 
single-phase wire ii*©, 146, 140, 
172 

symmetrical arrangement of 
wires, 145 

tables for finding drop in lines, 
153, 155 

three-phase circuit, wire size, 
165, 169 

transmission, 143 
three-wire, three-phase trans- 
mission equal to two single- 
phase, 1 69 

two-phase transmission, 142 
wire size, IfH), 161, 103 
unbalancing of syetem, 145 
volts loss, determining; 148, 140 
wire size, determinmg with 
Merihon diagram, 156 
for single-phase branches from 
three-phase mains, 172 
for single-phase circuits, 146, 
149 

for three-phase circuit, 165, 160 
for two-pnase circuits, graphic 
method, 163 

for two-phase circuits, with 
resistance, 164 
reactance lacking, 147 
with reactance, 149 
wires, three-phase, transposing, 
144 


Circuits, branch, 3 

Circuits, direct-current, design, 132j 130 
balancing three-wire circuits, 
138, 130 

calculating two-wire circuits, 132 
conductor sizes for three-wire 
circuits, 135 
conductors, 132 
three- wire circuits, 135 
voltage drop in three-wire 
circuit, 137 

Circuits, distribution, 189 
feeder, 3 
multiple, 100 
polypnas©, 142 
ring. 194 

single-phase, m<$ Single-phase circuits, 
tap, 6 

two-phase. Two-phase circuits. 
Commonwealth IMison Company, UO 
Compensator for line drop, 2& 
Comnr«sion-type protector, 210 
Condenser-type lightning protector, 202 
Conduotan, arrangement in polyphase 
circuits, 142 

ipaclag of National Electrical Code, 
141 

$00 aii» Wire. 

Connected load defined, 99 

ui# in computing load factort, S5 
Ooaneeted-load factor, 73-100 
bads of computation* 97 
d^flniticm, 96 
equations, 98 

graph ol energy eqiiiiimptloii, 99 
of in CMcago, M, Si 
Conmnuow of appamtus, 94 

Contour man Imid jpfapn, 115 
Contoo%d«i awitoiboiirda, 23t 
pecM3ih^ 239 


Conversion from alternating to direct 

current, 186 
Copper losses, 9 
Core losses, 9 
Corliss engines, 288, 200 
Cost of generating electrical energy. 250 
Cravath. J. li., 90 

Cross- compound principle in turbines, 300 
Cupped-disc gap protector, 208 
Current, computing, for circuits. 127 

I> 


Dann. W, IX.. 278 
Definitions of termi, 1-6 
Demand factors, application, 44 
definition, 42 
determination, 43 
for lightinjg installationii, 47-49 
for motor instaUationt, 49, 50 
Importance of. in determining 
traiiiformer espacitiei, 51 
of alternating-current and direct- 
current circints, 43 
report of teste in Chicago, 86, 88 
tsbles, 46 

used in computing load factor, S5 
Demand, maximum, 15-52 

alternating-current lint, mwituriiii 
demand, 27 

ammeter for messiirini: demand, 26 
application of derimna factors. 44 
approximate factor* for llghllng 
eernee, 47, 48 
average dimand, 15, IS 
definition of demand. 35 
determination of demand factor, 43 
determining, formulaa, 64 
vain© for computing toad factor. 
83 

with an ammetor, 26 
with tranaf firmer, 27 
direct-current line, minyitirliii de- 
mand. 20 

e*ample«, tiin# Intorval and mail- 
mum dbnund. 22 
factor, demand, 43 
imtnm tor lighting ImtallattoM, 
47*49 

imporianw of, in 

tmnaffirm^ tapadlif*, il 
istwatiitg fffaphic 3S 

iadlcatiiia meto'i*, 13 
fnailmum mmimnd, difinliloai* 18 
meaauriM 24 

meters, 17, 21 
variation of, 24 

methodb of averaglM the toad, M 
motor Inttollalbfiii, faetow for, 4t, 

m 

printoiii©tor4ypt metert, $$ 

Ublm of faetow, 46 

thermid or ifeeraioelitl# wttors. 

m 

time Interval, M 
tor 21 

unit, 17 

wattmelwr, MI-31 
W«tl||hoi»« E. O, ^»*ai 

w» 4 i-l»uf mrimt, 41 
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Department store plant, load graph, 111 
Depreciation of equipment of an electric 
plant, 263 

Design of alternating-current circuits, 
140-172 

of circuits, 118-131 
of direct-current circuits, 132-139 
of hydro-electric stations, 315 
D^ignin^ plants, importance of diversity. 


Diagram, Mershon, see Mershon diagram. 
Direct-current circuits, determining de- 
mand factors, 43 
conversion from alternating, 186 
demand meter, 35 

for transmission and distribution, 


177 

generators, voltage regulators for, 
221, 225 

line, measuring demand, 26 
motor installations, demand factors 
for. 50 

switchboards, 239-243 
systems, in generating stations, 265 
voltages, in generating stations, 265 
Distributing oenterj 6 
system, definition, 2 
diversity factors for, 62 
Distribution circuits, 189 
parallel, 190 
^ series, 189 

Distribution loss factors, 7—14 
approximate, 14 
factors, 12 
leakage loss, 9 
line loss, 8 
factor, 13 
meter losses, 9 
numerical illustration, 11 
probable factors, 13 
stolen-ene gy loss, 10 
transformer loss, 9 
types, 8 

Distribution of electrical energy, 173-104 
Distribution-system terms, 1-6 
branch circuit, 3 
distributing center, 6 
system, 2 
feeder cdrouit, 3 
main, 3 
service, 3 
sub-feeder, 3 
sub-main^ 3 
tap circuit, 6 
tie line, 1 

transmission line, 1 
system^ 2 

Diversity and divi^ty factors, 53-72 

oentralHStation distributing system, 
62 

commercial lighting consumers, 
demands, 62 
definition, 63 
determining, 59 
^ kilowatt station capadty, 71 
different factors among components 
of a system, 60 
diversity factor defined, 56 
effect of increasing, on load factor, 


eliminating apparatus by grouping 
consumers, 71 

factor mmd m computing load fac- 
tor, 85 

factors for a centiriti station distrib- 
uting system, 62 


Diversity and diversity factors, feeders, 
diversity of demands among, 70 

formulas for determining maximum 
demand, 64 

Uustration of diversity of demand, 
55 

importance in plant design, 72 

lighting transformers, demands on 
mains by, 63 

residence-lighting consumers, de- 
mands, 61 

sub-stations, diversity of demands, 
70 

total diversity factor for a system, 
70 

values determined by local condi- 
tions, 61 

E 


Efficiency of transmission, 175 
formula, 176 

Electric Bond and Share Co., 322 
Electric generating stations, 259-280 

advantages of centralization of 
plant, 264 

capacities and ratings of gener- 
ators, 270-272 
cost per unit of energy, 259 
depreciation of equipment. 263 
direct-current voltages and systems. 
265 

exciters, 273 
external reactances, 278 
factors determining location of 
apparatus, 272 

generation of alternating voltages, 
265 

grounded and ungrounded-neutral 
systems, 267 
locating exciters, 274 
location, 264 

percentage reactance of a reactor. 
279 


power factor, effect on capacity of 
generator, 272 
pnme-movers, location, 273 
reactors, 278 

single-phase transformers, 274, 275 
star-oonneoted generatore, 266 
switchboard, location of, 279 
system of excitation, 273 
three-phase altemating-o u r r e n t 
systems, 265 
transformers, 274, 275 
three-wire systems, 265 
transformers. 274-277 
two-wire systems, 265 
imit principle of installation, 272 
voltage regulators, 274 * 
voltages for alt«mating-o u r r e h t 
^nerators, 268 

Eleotrio Power Club, standard voltage 
ratings, 17^ 183 
railways, see BaHways, electric. 
Electrical energy, see Enertb^, electrical. 

remote-control switchboards, 257 
Electrolytic lightning protector, 210-214 
Eleotiromagnetic mduotancei 141 
Elw^, David, 300 

Energy, electrical^ computing, for a given 
inst^lation, 91 

oonsumption in ^bwatt houj% 99 
^ost of jgeaerating per unit, 269 


transmission and distribution, 173- 

194 
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Energy, ©leotrical, wire for diHtribu- 
tion, 118 

EngineB, internal-conibimtion, 306 
Bteam, 298 
imiflow, 291-295 

Exciters in generating stations, 273 
locating, 274 
voltage, 274 

External reactances in generating stations, 
278 


Hydroelectric staikmfi, impnlm* wlienl, 

310, 313 

Keokuk, Iowa, pjant, .'IIK 
largest singlortinner turbine, 317 
nomenclature, 3 1 3 
outdoor r>lantM, 320 
reaction wheel, 310, 313 
waterwheel®, 310 

I 


P 

Factor, capacity, 05 
connected-load, 90 

distinction between plant, load, and 
capacity, 96 
distnbution-loiB, 12 
diversity, 63-72 
plant, 92 

Feeder-and-main circuit, 192 -194 
circuit, definition, 3 
regulator, 18(5 

Feeders, determining maximum demand 
on, 66 

Fernald, R. H., 284 

Frequencies, data for TT. B., 179 

Frequency-changer sub-station, 189 
standard, 184 


G 


Gear, H. B., 69, 75 

General Electric Company, d e m a n d 
meters, 33, 30, 38 

Generating stations, electrical, 250-~280 
hydro-electric, 310-324 
internal-combustioa-engine, 306- 
309 

steam, 287-306 

Generation of alternating voltages, 266 
Generators, alternating-current, voltages 
for, 268 

capaciticj and ratings, 270-272 
direct-current, voltage regulators for, 
221, 225 

Goedjen, A. J., 179 

Graded-ihimt resistance protector, 206 
Graphic wattmeter, 28 
Graphi, load, ,101 -1 17 
Gravity wheel, 310-313 
Grmmaed-neutral iystenii, in generating 
itationi, 267 


H 

Hacfcett, 11. Berkeley, 260 
Hagcnlooher, B,, 293 
Hal, C. L, 24 
Horn-gap protectors, 208 
Hotel plant, load graph, 11 1 * 
ilyde, T. B., 263 
Hydraulic prime move», 285 
turbine, largest built, 317 
Hydro-«l®©trie tiations, 285, ilO-324 

»pplimthm for tyj^ of water- 
wheels, 313 

armngimenfc of low-head equip- 
ment, 315 

S * SIO- 
of, 315 

pment of low-hmd, 285 
eSdbney of watwirbedl, 3I2 
l»'dty whml 810, SIS 
station, 315 

heiljionM turWbo in tow-load 
plant, S10 


Impulse wheel, 310, 313 
Incan descent-lamp circuits, voltage drop 
in, 119-121 

Indicating ammeter, 26 
Inductance, electromagnetic, 140 
Inductive intemctir-ui, preventing, 142 
Industrial plant, load grai>h, 106 
Instruments for ineasiiring demiirid, 24 
Insull, Bamuel, 282, 2K3 
Integrating graphic dirnmnd meter, *18 
Interaction, induefive, 142^ 

Interborough Kapid ‘rranaii Go. of N. Y., 
300 

Interior- wiring aystem, terms, _6 
Intorna]“Combii«tiori“eriKifie prime rnovtn, 
284 

stations, :ir)6 "309 ^ 

efhcictiey of tnginef, 306 
lay-fUit <d amall ml-mmim 
plant, 309 

oil engiiir* for arriall plants, 
Internal lightning, 197 
laterurbaii street railways, h>ad graph, 107 

K 

Keokuk, Iowa, hydroeleclrie iiallon, 318 
Kilowatt station capicily* dm^rminmg, 71 

h 


leakage h'»«, 9 

lighting eitmiiM, dlrfct-eufrerii trww- 
miMion for, 177 
voltage drop in. 126 

viMMgm im 179 
wir#m*wifor* 146, 14ft 
coiwumtri, dlvtmily irf demand nf, 
61, 62 

iftatallatbiw, deiriJiiidl I'wflor* fwr, 47- 


49 

plaiili, load irmph, 105 
oil fnr. tW 

trarmfiirmer*, divewity among de- 
mmtk OR maim, fl3 
LlghinltiK, atmcMpheHe, 196 
definitioR, 195 
explauftilon of pallw, 205 
Interuftl, 107 

lightiiifig protrrilon fcppwaiiii, IIIA 218 
alter »otl tlirt«i-rttrf*#it 
trefcow, IW 

sdltriiatlRi“«tirf««t# applirailoii of, 

tail!#, 217, 218 

tlWI 

earbiriiiidafii mmk pot«ftor, 2fll 
ehok# mdk» 210 

for low»¥oll^# tii 

fllMtiflR, I# 

31ft 

21 & 

irm* m 

ii# tit 

cMttpwtoii^typ#* ilO 
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Lightning protection apparatus, condenser 
type, 202 

cupped-disc gap protector, 208 
definition of lightning, 195 
of protector, 197 
direct stroke defined, 196 
distinction from lightning arrester, 
195 

electrolytic, 210-214 
explanation of paths of lightning, 
205 

graded-shunt resistance protector, 
205 

horn-gap protectors, 208 
induced stroke, 196 
internal lightning, 197 
magnetic blow-out, direct-current 
protector, 200 
non-arcing metal caps, 205 
cylinder protectors, 204 
on electric railway cars, 201 
principle of protector, 197 
selecting choke coils, 215 
Line drop, compensation for, in voltage 
regulators, 227 
loss, 8 
factor, 13 

in commercial series circuits, 190 
reactance, 140 
Lloyd, E. W., 86 
Load curve, 80 
Load factor, 73-100 

annual, or yearly, equation, 90 
computing ener^^y delivered by a 
given installation, 91 
decrease, effect on charges, 92 
definition, 73 

determining m a x i m u m-demand 
value, 83 

power from a load curve, 80 
distinguished from plant and ca- 
pacity factor, 96 

effect of addition of off-peak loads, 
111 

of increased diversity of dema,nd, 
76 

on central-station rates, 76 
equations for computing, 86, 90 
formulas, 73 

formulas for average power con- 
sumption, 78-83 
operating, equation, 90 
period for reckoning, 78 
polar planimeter, use of, 81—83 
report of tests in Chicago, 86, 88 
significance, 74 
Load graphs, 101-117 

addinjg to obtain resultant, 116 
addition of off-peak loads, effect 
on load factor. 111 
annual, 114 

characteristic for small towns, 112 
city street railway, 106 
combined lighting, industrial, and 
railway loads, 108, 109 
oompaorison of winter and summer, 
112 

contour map, 115 
department store plant, 111 
hotel plant, 111 
industrial load, typiofd, 106 
interurban street railways, 107 
large cities. 109 
obtaininf data, 102 
office bunding in^nt, 110 
period of time, 104 


Load graphs, significance, 103 

storage battery used to modify 
load demands, 117 
typical electric-lighting load, 106 
unit for ordinate values, 104 
variation with different types of 
load, 104 

Location of a generating station, 264 

of apparatus in generating stations, 
272 

Lof, E, A.. 266, 269, 273, 275, 281, 296 
Loss, distribution, 7-14 

M 

Main, definition, 3 
Maximum demand, 15-52 
rating, 94 

McClellan, R. J., 321 
Mershon diagram, determining wire size 
with, 156 

for three-phase-circuit wire, 169 
for two-phase circuit wire, 164 
for voltage drop, 164 
Mershon, Ralph, 142 

Metal cylinder lightning protectors, 204 
Meter losses, 9 
Metersj demand, 17, 21 

integrating graphic, 38 
integrating indicating, 33 
printometer-type, 36 
variations of rating, 24 
Westinghouse RO, 28-31 
Westinghouse recording-demand 
watt^our, 41 
Wright, 31, 48 

Meters, thermal or thermostatic, 32 
Motor branch circuits, wire size, 122, 130, 
148 

circuits, apportionment of voltage 
drop, 122 

voltage drop in, 121 
-generator substation, 187 
installations, demand factors for, 49, 
60 

Multiple circuits, 190 
N 

National Electric Code rules, for motor 
branch circuit, 122, 130, 148 
spacing of conductors, 141 
wire size, 133, 134 

National Electric Light Association, 86 
standard voltages, 183 
New England National Electric Light 
Association, 300 

New York Edison Company, 110 
Interborough R. T. Co., 300 
load graphs for, 109 
Nilsen, P. J., 64 

O 

Office building plant, load graph, 110 
Ohm's law, applied to dremt design, 118 
computing voltage drop by, 124, 174 
Oil-cooled transformers, 276 
engines, 308 

Operating load factor, 90 
plant factor, 93 

Outdoor hydro-cdeotric plants, 320 
P 

Panel box, 6 

switchboard, 231 
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Parallel distributing cireuita, 100 
Pedestal switchboarda, 200 
Pelton wheel, 310 
Pigott, II. J. B., 297 
Planimeter, polar, 81-83 
Plant factor, 73-100 
annual, 93 

compared to capacity factor, 95 
continuous rating, 94 
definition, 92 

distinguished from load and eai)ac~ 
ity factor, 96 
high, 95 
operating, 93 
Polar planimeter, 81-83 
Polyphase circuits, arrangement of con- 
ductors, 142 
Poit switchboards, 239 
Potential regulator, 186 
Power circuit, computing voltage drop, 
125 

computing consumption, 78-83 
factor, eifcot on capacity of a gener- 
ator, 272 

factors of apparatus, 140 
low in direct-current two- wire circuit, 
129 

in transmission of energy, 173 
IMme movers, 281-286 

advantages of turbo-generators, 
284 

hydraulic, 285 

internal-oomhustion engine, 284 
low-head hydro-electric plants, 286 
steam, 281 

unifiow ©nginw, 291-295 
IMntometer indicators, 21 
-type demand meteri, 36 
Protector apparatus, lightning, 195-218 
ohok© coll and horn-gap, 210 
oomprwiion-type, 210 
cupped-disc gap, 208 
electrolytic, 210-214 
graded-shunt rwistance, 205 
Protectors, horn-gap, 208 
Public Service Corporation of N. J., 302 

11 

Eailwayi, eletstrk, lightning protector on 
cars, 201 

load graph for, 106 107, 109 
sadtohhoard® for, 243 
vdtagiw for, 179 
Ratw of central itation, 76 
Rating, wntinuous, 94 
Ratini^ of generators, 270, 271 
Reactanc©, determining wire rise with 
Morshon diagram, 156 
efect on wire sw© formuk, 147 
Hne, 140 

Reaction wheel, 310, SIS 
Reactori in genwratlfti statkw, 278 
percenta#© rtactanc®, 279 
Eeeljprocatifif steam mmumpthn 

tabk, 290 

Ri^lator*, Sit-- 928 

Remington Arnti and AmniiEdllon Co., 

sa 

Eemote-conirol twilolihoar^ riettrfoid, 
957 

meohmolcd, 253 

Ew»ve caparily ^n«mtori, 271 
EwiitaMt top, formula lor indlag, 149 
of ato. 194 
prolMtar, paittotent, SOI 


IthodcH, G. L, 05, 101, 105 
Ring circuit, 194 

Rotary conv<?rt«‘r Mulmtation, 186 
Rudd. II. IL, 278 


Salmon, F. W,, 289 
Sanderson, C, H,, 252 
Scale for moftsuritig phuw, 131 
Series distributing drcuits, 

Service, dedinitiou, 3 
Shuster, J. M., 271, 287 
Single-phase aliernaiing-rurrent rireui!^, 
wire mm for, 146, 

calcuiatiou by griiplde inef hod, 149 
determining with Jili-rnhoii dia- 
gram, loti 

circuits, tw‘o can replaceji rhfei--wir« 
three-phase franemlwiiMn, 109 
transforinerfi, 274, 275 

Star-connect e«l gencrntfurw, 2«'ri 
Station capacity, kilowiitl. 71 
Stations, electric generating, 259-280 
hydro-ehtc t ric, 3 Uh- 324 
internal ctirnhuslioii-r'figitie, 3fg|--.TO 
©team generating, 287-305 
turbine, 296 
aim (‘nntral fitalionfj. 

Stoam engine, compared with steam liir- 
bine, 2118 

Steam generating atatloiw, 287-3t}5 

altcriiatliig-cmrrent genenitwr with 
riide-valvii engine, 291 
appIhmtIoM of ileam turbine and 
atoam engine, 298 
belted v». dirfsct“Corwwrt«l units, 
288 

Imllera, 3tJ2, 305 

capftcith» of itiflMjegeneralor unitg, 
297 

cliiwea, 287 

diaigrt fm turbo plant with um 
unit, 

' direct-wiintecied g»n«r.»tii'tg 
290 


irtatallathm of wnilloir engine, 295 
larjpi lttrbii-«i«ir»lr#r plant, 302 

liirbo plant, 301. 3li2 
amall plaiita, 287 

®t«aia cowuwplisint* »f ynelpforai-' 
irif ©ugEliiiw, table, 2PI 
of twflbliiw, AlO 
tt#«m 8IM 

wnlfiow fittgtmsi, 2tl-2»5 
Stiiam prirnt 282 

St©am fcurbliifa, ©ap»i4tl#« td 
©ralor unila, 297 
comparrrl with aleani rfiilfie, Sfi 
pfinei|ilr, 3f^l 

^©nottiy, 296 
©ffiwiwy iraph, 297 
statbiM, mm 

Stdl#ii»«iirity Ii»* III 

St0r«g« ballgry mmi l<# iiiwllfy 

d#maa«li, 117 

11. fb, *M% 

Str«©t rallwayg, ll*htriiiii pri#l#et#r fur 
*M$% 

ItMri graph fm W. tm, M# 
«iirit«lbtod l«*r mr» 

v&, t4I 

tm, I7t 

itib-»iiht, dtieilimi, 9 
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Sub -stations, 184 

frequency changer, 189 
function of equipment, 185 
motor-generator, 187 
synchronous or rotary converter, 186 
transformer, 186 

Switchboards and switch-gear, 229-258 
advantages of remote-control over 
self-contained boards, 252 
alternating-current, 244 
alternating-c u r r e n t mechanical 
remote-control board, 253 
alternating-current switchboards 
for three-phase service, 248 
arranging the panels, 233 
circuit diagrams for direct-current 
switchboards, 240 
classes, 231 

control-desk switchboards, 239 
diagram, 233 
direct-current, 239-243 
direct-current railway service, 243 
distinction between, 229 
electrical remote-control, 257 
fittings for supporting switchgear, 
236 

frames for panel switchboards, 235 
function, 229 
laying out, 231 
location in station, 279^ 
material for panel sections, 237 
panel switchboards, 231, 238 
pedestal switchboards, 239 
post switchboards, 239 
proportions of panels and sections, 

remote-control, 230 

alternating-current boards, 245 
self-contained, 230 
three-wire direct-current switch- 
boards, 243 

two-wire direct-current switch- 
boards. 241, 242 
Synchronous sub-station, 186 
Systems, data for U. 8., 179 
direct-current, 266 
grounded and ungrounded-neutral, 
267 

three-phase, 212 
three-wire, 266 
transmission, 2 


T 


Tsp circuit, 6 
Thermal meters, 32 
Thermostatic indicator, 21 
meters, 32 

Thompson, W. K., 315 
Three-phase alternating-current systems, 
265 

circuit, wire sise, with and without 
reactance, 166, 169 
generators, star-connected, 266 
service altenmting-cttiT^at switch- 
boards, 248 

systems, arrangement of electrolytic 
prote^ors, 212 
transformters, 274, 275 
transmissibn, 143 

replaced by smgle-phase eirouits, 
169 

transpoidng wires, 144 
Tluree-wire aroults, bslsmemg, 138, 139 
systems in gen^ating stations, 265 
Tie Hm, definition, 1 


Time interval for determining maximum 
demand, 20 

Tirrill voltage regulator, 220 
Transformer capacities, determining, 61 
losses, 9 

sub-station, 185 

Transformers, determining maximum de- 
mand on, 64 

for measuring demand in alternating- 
current lines, 27 
in generating stations, 274-277 
lighting, diversity among demands on 
mains, 63 

oil-cooled, water-cooled, and air- 
blast, 276 

Transmission line, definition, 1 
Transmission of electrical energy, 173-194 
alternating-current systems, 180 
direct-current, with multiple cir- 
cuits, 177 

distribution circuits, 189 
efficiency formula, 176 
efficiency of transmission of a cir- 
cuit, 175 

feeder-and-main system, 192—194 
for lighting, 177 
for power motors, 177 
frequency-changer substation, 189 
high voltage desirable, 173 
interior systems, 193 
line loss in commercial series cir- 
cuits, 190 

motor-generator sub-station, 187 
out-of-door circuit, 193 
power lost related to voltage, 1 73 
reasons for using electricity, 173 
ring circuit, 194 

rotary converter sub-station, 186 
series distributing circuits, 189 
standard alternating-current vol- 
tages, table, 183 

standard direct-current voltages, 
table, 179 

standard frequency in tJ. 8., 184 
sub-stations, 184 
synchronous sub-station, 186 
three-phase preferable, 182 
three- wire distribution, 178 
transformer sub-station, 185 
voltage for short transmission, 175 
voltage per mile, rule, 184 
weight of conductor related to vol- 
tage, 175 

Transmission system, 2 
Transposition of threenphase circuits, 145 
Turbine, hydraulic, 317 
Turbines, see Steam turbines. 
Turbo-gen^ator stations. 301, 302 
Turbogenerators, advantages of, 284 
Two-phase alternating-ourrent circuits, 
determining wire size, 160, 161 
drouits, grapme method of deter- 
mining wire size, 163 
wire size determined by Mfflrshon 
diagram, 164 
transmission, 142 

tJ 

Unbalandng of a system, 145 
Ungrounded-neutrM systems in generat- 
imr stations. 207 
XJnSSiw engines, 291-296 
Unit, for values of a load graph, 104 

of connected load and power input, 96 
of continuous rating of fmparatus, 94 
pi marimum demand, IT 
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Umfc prinoipla of iimtallafion of pluntH, 272 
United Eksotric Idght und Tower Com- 
pany, 110 


Vector diagram to <Ietf?rmine volts 
H8, 149 

Voltage drop, and wire sue, 118 
Ijasis of calculations, 124 
computing by Ohm’s law, 124 
diminishing, 142 

in incandcscont-lamp circuits, 119- 
121 

in lighting or power circuit, 125 
in motor circuits, 121, 122 
in three- wire circuit, 127 
Mershon diagram, 154 
principle of. 110 
table for id terna ting-currant 
with Merahon diagram, 15r{, 155 
Voltage regulators, 210-228 

alternating-current regulator, prin- 
ciple, 222 

arranj^cunent of, for alternators, 223 
capaiuty of relay contacts, 225 
compensation for line drop, 227 
coruieistions for differcmt services, 
228 

factors causing variations in vol- 
tage, 219 

for direct-current generators, 221, 
225 

function of automatic regulator, 
229 

in generating stations, 274 
installing, 228 

operation of, in parallel, 225 
principle, 220 
^ Tirrilf type, 220 
Voltagiw, alternating, generation of, 205 
ciata in U. B., 179 

for alternating-current generatora, 258 ■ 


Voltages of excitem, 274 

standard alt^fiiating-esirrerit, iii.fjtd 
their applicatiami, 179 

tal>le, 183 

standunl diroet-ciirrent, and their 

ai>ldicationfi, 1 7!^ 

Volts determiiiiiig, 14H* 149 

W 


Water-cofilcd tranjsforrncrH, 27«» 
Waterwheels, 310 

applicationM fo'r iypm, 313 
etheiency, 312 
Wattmeter, graphic, 2H 
Westinghouae ciir«;ft'Ciirri?rii generator, 
295 ^ 

Kleetric A MiUitifar! tiring f*o,, 142 
lt<4 ilemami mejer, TH-.ll 
recording-demand watt- hour tiiefer, 


Wire niscji, enhnihiif ing, MO, l ’l!» 

determining wsfh Mrtnlmn ilia- 
gram, 150 

fnifliiig, for km>wri nirreftf., etc,, 127 
for rliairifmtiwn of elerlrin energy, 
U8 

for iirafwdiffi from 

thri*t‘“ph»«‘* maiiiii, 172 
for three*phwf» *drr*«l wllli mid 
witlwmt rear I finer, |fJ5. I fill 
for two-|dut»c eireiiilrt, ItMl, l*U 
with r#«i-t»lasire, 101 
graphic riif'ihwl fur Iwo-plnsiif? rlf» 
cults, I Cl 

Wir«, ii{ifo-riirfonl.-f!,ftrrylng rmparilf, 
, table, 122, 123 
Wrwuib, J. II., 301 
Wright dfinmml moler, 22. 31, IH 
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Ymikln ICIvor pknl, 317 
Yearly lomi fictor. Ml 
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